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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a film structure with a ferroelectric thin film having a 
relatively low dielectric constant, high residual polarization and low polarization reversal voltage 
and less liable to deterioration even after repeated polarization reversal by using a PbTi03~base 
compsn. contg. a specified rare earth element 

SOLUTION: This ferroelectric thin film formed on a substrate contains R1 (R1 is one or more 
among Pr, Nd, Eu t Tb, Dy, Ho, Yb, Y, Sm, Gd and Er or these elements and La), Pb, Ti and O and 
has a perovskite type crystal structure and single (001) orientation or (001) orientation and 
(100) orientation. The atomic ratio of (Pb+R1) to Ti is 0.8-1.3 and that of Pb to (Pb+R1) is 0.5- 
0.99. This thin film is obtd. by carrying out vapor deposition using at least lead oxide and TiOx (1 
<x<1.9) as evaporating sources while introducing oxidizing gas into a reaction chamber when a 
ferroelectric thin film made of oxide contg. at least Pb and Ti is formed on a substrate by a 
multiple vapor deposition method. 
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(57) 

[in] fim^ 5 itfe«j®<. » 
[#»*»] m^*±M5tmR n - pb ^ Ti*f> 

tflCOmU M^-it^ (Pb+R n ) /Ti = 

0. 8—1. 3, Pb/ (Pb+R n ) =0. 5 — 0. 
9 9 COfSffliC^ 19 . ^n^^ H»i&-cs> tK (00 
1) BEfpJ"Cfc-5d\ (0 0 1) mfak (10 0) gB 

*M±. Si (10 0) aS«-Hd»rit+Sri:^^tB-C 
fc6o 4>ft< £ t>P b*5j:tfT i *r£trlMfc*a»fe*a 

2££ LX*ft< it>Wk»*J:tfT i O x (1 ^x^ 

1. 9) «rflji\ IWktt#^Sr**RJe?*rt^»AL* 
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1 

3fi««#»IRa s . Ri (Rj Pr, Nd, Eu, T 
b, Dy, Ho, Yb. Y, Sm, G d *5<fc TJ*E r frb 
a«Sttfcd^4< 4:t ia<0#±*5c*) > Pb, Ti 

(Pb+R! ) /Ti=0. 8-1. 3. 
Pb/ (Pb+Rj ) =0. 5 — 0. 99 
<D®ffllwfcf9. ixi-?*** hSi£<fMSfi££#U (0 

o i) #—gar^-efc675\ (o o i) lafti (100) 
[Sf^2] si (i o o) ga^^Mid*--r^g«(7) 

u 

»R«#iWKa s . R 2 (R 2 H Pr, Nd, Eu, T 
b, Dy, Ho, Yb, Y. Sm, Gd, Er*5<fclJ*L 

(Pb+R 2 ) /Ti=0. 8—1. 3, 
Pb/ (Pb+R 2 ) =0. 5 — 0. 99 
©JBBfcfctK ^o^*>f hS«£i&*it«:*"U (0 
0 1) *— BBffl-CfcSd^ (0 0 1) gEft<b (10 0) 
g£|nl £ J& S SME L,fct>^T?$)6JKflliaf^ 0 

SflKe&Wu iE**-efcsi*« (ooi) m-gEft 
T?fc!K i^Tfca^tli (10 0) m-mfa-e*>z> 

5 ] t mftrnvmrn t <o n + msMt * 

r <o Bfc-fb; vvv ^^$J*3h SMI* 5 , 8Mb = — * ^ * It 
»#±Ji5c* (s c^JctfY^fr) IJ1J:9 ft^kSix 

r^5i:^ii (ooi) Erfij-efct). ^Mt^5 

i#fl (10 0) *-SB|R|-e*>SSI*«l'-3^iMfll5g 
^ ^±Stu^ (s c*5j:tfYSr§tri ^»^±^ 

»tu E*a*fc»*»a"c«>sfc#tt (ooi) * 
-EiS-cfctK Sfc**-e*6i:#tt (ioo) *-@arsi 



(2) #W1 0- 1 7 3 9 4 

2 

h*Sfc*H6«r*U ]E*ftTfc6i:#tt (0 0 1) 
iElfil-efcU, A*ft-Cfc-6i*W: (10 0) i£-g£ft-e 
* 5 * fctt 6 ^HlUftigfro 

#U i©MttT«*WS, P t > I r N O s , R 
e, Pd, RhUJ;U«Ru(D'M< i: t> lSd^&HIAd 

io (ooi) m-erflT?* t) , ttfk-ebzk^n do 
9 ] 3SRSff»jSS!5^>* < t fc 8 0 %(D 

««ld*3V^X, S*P^£ 5 0 0nmr*O-h^J^a$ R z 
#1 0nmttTTfe^a*^l-8(^V^tt^K«ig 

o] 3*Rm*»K*<oT i (D6 om^%^ 

T^Zr. Nb. Ta. H f &£t$C e < t fc 1 

ST*SJft$ nx v^SBI** 1-9 <oi>m*^Btlll3S 

20 ffo 

i i ] m&m l - l o o v ^-f ix*^DHfl5t# 

[Bt*Bl 2] IS^l-1 o^^-fn^oBHUit* 

[IS^l 3] ttPbfcitfT i 4r*tflMb 

io x (i^x^i. 9) mmLX^zmmK 

30 & 

Pb/T i =E (Pb/Ti) , 

t u 

Pb/Ti =F (Pb/Ti ) , 

E (Pb/Ti) / F (Pb/Ti) =1 - 5 ~ 3 - 5 

im&mi 5] m<mtfxkvx'pte< it>-^7 

40 ^/WbL^c»^*fflV>6li*^l 3^fc«l 4<03MJI 
[if*^l 6] StS^^S^5 0 0 — 7 0 O'Ci It 

**srtT5fli*«i 3-1 swrint>*<Dmm,#nm 

[W*«17l Zr. Nb, Ta, Hf*5ctt/CeC0 
*^1 3-1 6<7>v^ix^3SR«*»«o«5S*fe 0 

i 8 ] i - 1 o <d\ ^-rtifanmmmft 

<0»5fi^affl**u-5WI*3Rl 3-1 7 0V^-fix^<03fiR 
50 ttffi9Dt<oaiif:&&. 



(3) 

3 

[0 0 0 1 ] 

y, awm-t^-sK 3taEim». jtMyf, oe i c 

(^t * flr?-SiSllE]l& : opto-electronic integrated cir 
cuits ) ^CO^Sm^-'r'M*. fcSl^ttU AFM (M 10 

So 

[0 0 0 2] 

aft^SfelcHv^LS I, SO I&ffilcj; SIMM 
LS idsttWSttrv^o 

T^S 0 3»R«i*:^^«K<B4:*iJffiL3t5F#«tt^^ey 

l 0 0 0 3] ^FflW&tt^* ]) <D imt It, FETCOy 30 

- h H3liift^iv *fc*»<z> ^ y $ v > S 

^ *^W*M«^»T«¥fiMI, SDM93-136, ICD93- 
130, (1993-11), 53-<— ^lwxE-<P>tlXl^J:5tw % ^™ 

#*Bi^*tt^ wh* ^awe*-^* «i r> mmit 

/w£&M-&R«#-^«# (MFS) 

(MF I S) «5&*6V^i^JR- 

%mmto-&m-i&»fc-¥&ft (mfmi s) 40 

o«**rdMt<c*tiitf4e>4v\ MF I SflRi*5J:tfM 
FMI SflligT-te. 3SR«(tA:*ft»<*t3ft s = J ^'r^f-^ 

[0004] »fiE, »R«(«»a^»»i LT, P b T 
i0 3 , PZT (PbZr0 3 - P b T i O3 , P 
LZT (La 2 0 3 »^fcPbZr0 3 -PbT 50 



<RfBB¥1 0- 1 7 3 9 4 

4 

i 0 3 *) fc^<0ft*^MM3j:tfB i 2 T i 2 NbO 

ft<**xxt>s, 

[0 0 0 5] Ld»U PZT^PLZTIt S?Kft;"t£ 
i:^S$^l 0 0 0U&tM< ttftfcfc. ±iatfcMF 
I S«g«FM I S«jgi-*3»tS5SRS«:*Ki: UT 

[0006] — P b T i 0 3 tt, ^/U* 
WttTCl OoaUEKTi:/h*<, *fc* a*5MTO'< 

/W^KS©3g»«T8 0 /xC/cm 2 

0TCfc«v\ r*fet>, ^yJB»oBR«<W»±:L 

<^s. pbTio 3 mmfcLtcm&x'hffim 

*^5 0 0ggi:fiV\ L*>*U PbTi0 3 $:«ift 

tEEc*8 5KV/cm tSf^SC^, S5— fe^^ 
»^»#<kttiffcJ:0 3»Bl^y-^3&s*i:sci:. £ 

So 

[000 7] ±B Lfc«#IMfc«K»B i XlfefltftHBttK 

t:JKJi^*DjlS-rs^iSfe^«Bt«(-6 o ox:&l±t*t-- 

fr~tZ>Jjfe&Jpn. J. Appl. Phys. 31, (1992)3029, Jpn. J. Ap 
pl.Phys. 33, (1994)5244 N £U*Mat. Res. Soc. Syropo. Pr 
oc.243, (1993)473* iflJ:ia«$ttTV^ 0 L**U Pb 

[0 0 0 8] — LTftSfc^'M 

Tl^So JbfSLfcMF I SSat^/cfiMFMI S«ig(D 
* y |c s ^liMII^ov ^ti^i 

/^X*S^^^a^ftrv>-5o t/c, AFM-^STM 
*if^^n-yS:fflv^lBft4:ff5fflt* (fflfst, MF I 
S»5S*^liMFMI S«5S) l^*5V^Tt>, X#S«lt 

mm^tiX^^o 3l8i^t'^^^/Hl^MFi 



(4) 



10-17394 



[0009] ^ix*-eft*^3ft«m*»»-ett. BA-r 

S i fc<0RJSttfci«< . S iStR— opb^ttlktwj: 
[0 0 10] 

[0011] 

[BDHSrjWfti"6fe«)^^*] ±IBiWte> TIE (1) 

~ (is) <n\,^M><ommz£*>m&ztiz>o 

(1) - (o^_t^^ £ fitcimmfcrnm t 20 

tr*t5«»3l»T*ot, &RttttMK**. Ri (R 
x fit* Pr, Nd, Eu. Tb, Dy, Ho. Yb, 
Ys Sm, G d*5j;t5E r < ^ 1 

m<o^±mytm) . pb> Ti/ibtffcomu jh 

(Pb+Rj ) /T i =0. 8-1. 3, 
Pb/ (Pb+Rj ) =0. 5 — 0. 99 

01) #-E«t*sd\ (ooi)ia^^ (ioo) 

(2) Si (100) ffiSr*Btc*-rsStE^lltrlB*B 

fro 

(3) c^*tE±l-*«*n*:3ftBtm*»||)|fc 

aff^ss i (100) BSr^ru &RSfr#i8i2 s > r 2 

(R 2 tt. Pr, Nd, Eu, Tb, Dy, Ho. Y 

ti> m<o^±m7tm , pb, Tift^icot 

(Pb+R 2 ) /Ti=0. 8~ 1 . 3, 
Pb/ (Pb+R 2 ) =0. 5-0. 99 
CDf&iaiCfctK ^p^^ h®Bi&«3i**U (0 

oi) K[pj-c#>6j&\ (ooi) (100) 

(4) ^tMiW«it«Ki©IBJw^ttT*»i«S:# 
#U jE*ST*fe6i:#« (0 0 1) ¥-gfiftT*fctK 

si* (ioo) m-gfiftr-feSJiie 
(l) — (3) m^-fJxA^BHSJiffc. 50 



^ « * a * mm& s mtv^-v^tt ±s 

jtm (S c*5J:l*Y«r£!>) i;iJ:9£jefl:Sftrt:IMfcy 

*H (0 0 1) *—E«rC*> 9. St^At?fc6i:#tt 
(ioo) ^-gEfa-efcSJtlE (D - (3) <z>BM»ig 
fro 

5c* (S c*5J:tfY«r&tri OiMfc««:±fiK»^U IE 

*»*<t»*»»"e*»afc#tt (ooi) *-eirj-cs> 

9. £#ftT?*><5i:%W: (10 0) i|i-gEfi~C$>6±lE 
(5) cDjg|«igfr e 

(7) *ra»jK^^R«(^»l8ii:^Ffli-«yft < ttTife»K 

jsstWu iejj &-e%> ztzn (ooi) eft*?*) 

9> Sc*ftT?fc5^#W: (10 0) ElRl"Cfc*±1B 
(5) *fctt (6) (7)JK#titfls: e 

(8) ^ilf^Iil^ ttf IttTMI^r* t , C 
<0»«4Ttt»«* s > Pt, Ir.Os.Re. P d . 

RhWOTu^4< fct> ia^6*rt*hfc»ltt 
ttl(Mb**Bt"Cfc 9 . aE^ft-C*>6^#» (00 1) *J£ 

-Brtre*>9, 3t*f 0 x*fc5^#fi (ioo) *-gfirS] 
-cfcS-hSB (D - (7) ^v^jxd^Kfliaflc. 

( 9 ) ttK«fMVKXfi£>d>tt <H80 

VvC* S?ft * 5 0 0nmW+^¥*SS R z ^ 1 Omn 

RTTfcs±B (i) - (8) <D^-rftfa<Dmmm#o 

(10) 3ftR«fl4Ml>f'C>T i CO 6 0JB^-%KT* s Z 
r. Nb. Ta, H f 43 cfctfC e < 1 fc 1 MX*W 

&£*iti^_lie (i) — (9) (o^-rti^tommm 

fro 

(11) ±15 (l) - (10) <ov^-fJx^<DBI»a**:# 

(12) ±E (1) ~~ (10) <ov^i"ix^<oiK«5gffS:# 

(13) tt>Pb*3j:T/T i Sr^tfK<k:«Jd>C>* 

RU Lt'>4< t t>»t»*SJ:tfT i O x 

(l^x^l. 9) «:fflv\ |(Mbtt#^*:*#»Sart 

(14) }R»J«*^«»SK65n*OJK-T-J*«r 
Pb/T i =E (Pb/Ti ) . 

Pb/T i =F (Pb/Ti ) . 

E (Pb/Ti) / F (Pb/Ti) = 1 • 5 - 3 . 5 



7 

**6±ie (13) <Dmmm#mm<n9&i&jj&o 
(is) mt&tfxt ux'>&< tt-«d s 7^/wk 

Ufc«**r»v^6±B (13) £fcll (14) <£>&^«#» 

(16) S&GDMffi^r 5 0 0 — 7 0 0X:t LX^g£ff 

pjiie (i3) — (is) <D\,*irtii>*<o&&ufcWf&<nw& 

(17) Zr, Nb. Ta, H f & X XfC e <D'J?te < t 

t>ia«r*#-*-6M»mi«»Bi3as»*sn*±iB (13) 

- (16) ot^jxjft^gfiRmfleSWR^KjfiS-feo 10 

(is) jiib (i) ~ do) tD\i^-rM^<ofgmm»<om 
m^mmztiz^e. (13) - d7) ovvftLAMBMBm 

[0 0 12] 

X> P b T i 0 3 5R3a*JJlgf^«r±a7C**:a^ID!Lfe 
t>O£rffl^<5 0 PbTi0 3 ll ^m^, 

[0 0 13] *»W?W\ #±«5c**BfSJt*-CP b 
TiO a \Z.mi)VfZ>^t\Z£V. Ec^T^t 

[0014] AttttKMU *»WX>tt»««frSflR* I* 30 
X, Pb. T i *3J:t*0*r£*U JB— 
tfl±ERi , jg-^lB«t?ttJilBR2 SrtttStW 
^t^5 0 SB~cofi#Xte, SB— <0ffi«K#L*±*5c 

[0 0 15] JB-0»*(Ci3«t«»««*M»Btf4, (0 

o i) Ertn?*>s*\ (ooi)Efti (ioo) 

ft*. 

[0 0 16] tt*5, W7-9 4 6 0 8^«t£tt> 40 

p b*5j:^T i t^tPiWkttsswBtwftfc, m-<Dm 

0) S*R±tr^^y^^J:!9 3SR«fr»B!Sr»fiRUTV^ 
6o hlwtt, Y 2 0 3 ^tfPbTi 

±KEfatt*»lM\ *ISSKt-ifi^«lfi*-*oTV^ 
oXL£? 0 ra^«^SU6«"Cli, 50 



4$M¥1 0- 1 7 3 9 4 

8 

[0 0 17] £fc. SB-^f£#X/B^£Sm£/cfSGd 

20203 9*^wcia<feSixTv^s 0 M4*«L-er±. s 
jfe. cvDft, ✓/w-^/Hfe* u-f-ryu^ 3 y 

i^»fi\ SB— cofB«lc*3JtS±SBEfiI^»R«ffSHBt 
fc«««^ti4t?#f, SB— roflB«H-*3»-tSS& 

[0 0 18] SB— C0ffi«XffiV>SE r feWWbfc 

IB— ©««l-*5*t6S(li*t>*3lb*v\ 
[0019] »noiB«-ett, ttRlM^M^ti 
6S^<b lx, aiR«#f*n«<o«ai^ s i (ioo) 

(Pb, La) T i O s MRK. Si (10 0) &«_L 

fc»*Lfc»*fcH:y ^fc. ftmw&mz 

Ec^<46^ flttfMgO (10 0) gSLhlCJfc 

[0 0 2 0] ^(OffitT'fflV^ L a ^rtttfcf 

^Bg 59-138004 1^6 0- 1 7 2 1 0 3 

16 2-2 5 2 0 0 5 -§-<^#> 1^6 2-2 5 2 
0 0 6 «4*aL 1^4-1 9 9 74 5 3 - 

3 5 2 4 9^a^<^^l2*$ttXV>6o 

[0 0 2 1] cixe>^^«J-IE«$ixfc»R«ffaWK^ 
(0 0 1) ElRli: (10 0) ElRlfcd s »^L 
fcfc<at>*>*>a s . »-<D««^J:5l-s i (ioo) S 
tR±^i<oj:5ftEftKt**U#fct>^W:nc<. i"^ 
XMgO (100) S«Sr^v^XV>6o MgO (10 
0) SCirfflv^ fcit«WlB*i!:JiiaEW35S**T* 6 
^ N MgOfiS i J:9 tlKW»«** s *#v^fc«). 



9 

fc*3, MgO (l 0 0) &m&m^1tm&\ztt:et#)m& 

UK. MgOatE±«Cj»* 3 0 0nn«K<DSJlR*f*:J»JK 

ft|cy-^#fL<*i\ CjfUL MgOStROJRtttw 

[0 0 2 2] ±1S^#<7)5^#^¥4- 1 9 9 74 5f 
B2(U<DXj8SlHl5f[lllC^$tL^J: La 

jSJW^ >BMB»B!* S i (10 0) Sftli^tt 

lidoo). (iio), (i 1 1) <D&m\zxz>\? 

—2 > (0 0 1) IBf^^tt*oTV>/jr 

V\ Si (10 0) SfcLkU: (0 0 1) gfiftOL 

ZCOZt ttW4MS*>1B«i&»& fed*-e**. 20 
[0 0 2 3] Pb*OBI«<Wm«:l»BMk-r*»fr. P 
bOIK»£aMi&05G*£Jt^ 

3fiB«ff*t»"ett. «fiR"fixdStt<, «fc!J*«ft^iffv^ 
(7) P b <?5«N4*:a!(c:fiJffi U ^7n^*fe^ftiI^#^E 

^/M*JSJB±ffifcT»*W^*>5 0 ^-tPbTi0 3 

ja^a-r^o t < i:mf i smm. mfm i s»3&«:je 

[0 0 2 4] 



4#HI¥l 0- 1 7 3 9 4 
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xnmmw-tz* 

[0025] <m$mt*nm>*mm<nmmmm^'r 
5»si(*fio«it p b t i o 3 &mmcf%fe<D 

Ts r i fe«tt/R 2 £R n tnm-tz. 

[0 0 2 6] R n tt, P b T i O s W"-C«/*$ft*£* 
*±x2-fx*4 btoAV* hiCffifi-r-SPb <bfit&U 
ftSrSE^S-fr^o PbTi0 3 ^ a$A:3. 9 0 4A 

. ctt:4. 1 5 2A (7)iE^^(D-<ny^^^ h« 

ti&mi£ (Ec) *riST*^-5wtdST#-6, — R 

[0027] imn»nm*<07tm<otk*n. 

(Pb+R n ) /Ti=0. 8 — 1. 3, 
Pb/ (Pb+R n ) =0. 5 — 0. 99 

(Pb+R n ) /Ti=0. 9-1 . 2. 
Pb/ (Pb+R n ) =0. 7 — 0. 97 
T*3b6o (Pb + R n ) /T i #t/hS+«f«4:l»*tt05 
tt^*as»fctt<*9. (Pb+R n ) /Ti«^ 

yt, (Pb + R n )Ai &±mmwk-rz>zt\m: 

6»4Rt»tt^t,n6, Pb/ (Pb+R n ) 
l-RB** 1 0 0 0K±t*# < 4oT 5c — *\ 

pb/ (pb+R n ) ^#t?6^ %r±m7cm<DWi 

iD9*, ti*JtE c OfiT»*W»i*5, Pb 

/ (pb+R n ) *±mimk-rz>z-bte, immfc» 

Il^lt^6o Pb. Ti*5j:(fR n ^t*l4, & 

*Xi»tfSliiJ:!)*»5w^m5. 
[0 0 2 8] ^^^Hftli. -J&(CPb : T i : 0 = 
1 : 1 : 3-e*>«*£* **M-C»**ni-SR n ^S«*3 

<tt5*^J:oT»3B0Jt*tt»*t), 2. 7- 

3. 3Sa-e*s, 

[0 0 2 9] >^S«5t 
^*L. 'J>te<ti> (0 0 1) IEj$l4:W-r--6Ci:^»4 

li\ (ooi) leftTte. < o o i >m*&ffim*n 

jfi«:«roP bTi0 3 *«-»0»R««fe«< 0 0 1 >$A 
t:#6ix6cO"C. (0 0 1) ffias«flBl*it£¥fTT*>S 
(0 0 1) *-IEfplB[-t?fc-5Ci^ < fcir)jf*u<, 

6fc»*UV\ «U *»MT?r4, (10 0) s^k 

mftiz^rtxhz (ioo) Ertuftsa«EUTt>j:v\ 
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(1 0 0) EF6J#SS«9 0° hV>f ^*:»rirt*6-4:a s 
#fc|»«l£ttfce>fcv\ 9 0° K*>f ^fc*J*L 

-^sasjttt, a*. (ioo) / (ooi) **3«t 

(ioo) IfifRi^ffiffib 

[0030] si (i o o) m&&m^z>m&<ommm io 
h«ig^3*K«*?*K^ (ooi) sarsjx*fe6» 

^ s -<n^^^7>r h [100]//Si [0 10] t?fc 
6 e &K«#«BSa s (0 0 1) i£r*i<b (10 0) 

Efl£a s «fcbfcfc<o^&6»£\ -<o^^^-r h (o 
oi) EftfeifM-o^xte^p:/*:^ h [10 0]// 

Si [0 10] X&tK -<o^^^7-r h (10 0) Eft 
^siCoV^T^n^^^^ h [0 0 1] //Si [0 1 
0] TNfoSo -Tftfc>*>. ^m^M^S 20 

[0 0 3 1] ftib\ *M3NB»Jw^*te*— ErRiK^tt. 

-fktt<OC^«:Sfti-S Q JWfrWKWt. (0 0 

1) EftWk i-/«ct?*>cffi*— EftBIW:* 1^2 0 
-extfusifr (XRD) X (0 0L) B£WKOJK*H** 
5*5. (00L) ®^*fcDS>Ct o -^^SC0 1 0%^T> 

L< te5%^T<^t><£>Xfc£o *M«B»J-*5 
V^X (0 0L) te, (0 0 1) (0 0 2) fc^OSHK 
/j:ffiS:»W-r6«^-C*)D, (LOO) fcifl-O^Xt 30 
PSlXfcS. 

[0 0 3 2] *W«B»^*3V^r^tr^^^ir/H« 

Eft LXi^6t>?)X£>£o AfrWJ-tt^ JS— fc^ x»® 

(0 0 1) ^f^v^M^ -f^^^>c®^t°^ 
^i/t^I^H, JH<£>2 0-0 XjKUHifrX (00L) I 40 
^cot°-^5iffi^> (OOL) ®(DS^:t: 0 -^^Sco 
10%^T, #*U<fl5%£JLT"C*)So RH 
EEDf¥«X*#;y H^fcte* h y — ^'^ — Vt:*^ 

/^<bl^6o **5, RHEEDilt JRWHjfi^** 
[fijjfr (Reflction High Energy Electron Diffraction) 
X&*K RHEEDSIlt Kffirtl£:fctt**Sfl(iilOE 
ft<Djg«X-fc5 0 
[0 0 3 3] SafSmttSMSt^T i GO-gEte, Zr, N 
b, Ta, Hf*3J:t/CeO**<i:t>l«-e«|ftSix 50 
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T i ^SS^Ktl/^S^ -hfBLfc (Pb+R 

n )/Ti &£tttt-a£#ictt. :n^(7)l»^T 
[0034] <sfe>*:^^T^v^6^^«■^s|■^l ^ ^#^- 
te, #J;itf. ^nvr, ^^^^ hoyf^, f- 

o (ioo) ffi&m&mmktezj: s^m^itm^-. & 

tto*tt/t»»«flc«KSr*ril-e*S, Site* 
S i ttJt»W3cflff"Cfc6o 

[00 3 5] < £*ttTtt*0t > Stt 1 &8iS#*I3£ t 

[0036] »j»ttT»»iBttt. h*s&« 

^^#-f-6o -<n^^^^ Mg«36«. ft«AB0 3 
X^£*x<5 0 --X% A*3J:t/BW:**»>f ^^«r* 
i% ^JgWXfitx A <^r LX C a . B a . Sr. P b , 
K. Na, Li, La*5J:t5Cd^t)ItfJxfciaK 
±, »l£Ba*fcf*S r*S#£L,<. B UXT i, Z 

#^uv\ -r**?*>. iftattTifi»iK«^ 

[00 3 7] r. 5 Lfc^n ^^^7-< 

B^-itA/BW:, »*U< ttO. 8-1. 3. 
L<JiO. 9—1. 2X*)6 0 A/B^o. 8*«f"Cfi 
fefttt^afcSa*ja s 2«)*<*U. *^A/BdSl. 3 

6o AB0 3 I^Jt^OoMH, 3 \zmfe£friZ> 1 b<n 

t>fc-5C0X\ ABO x ^-^V^X, xGQjfite2. 7 — 3. 

[00 3 8] J»»ttT«6»«W:. JEJj&X'1bZ>b * 
(0 0 1) EW. ftt^^SIRSffifcWfi-cffi^ 
l^gfif^b^ 1 boXfc6r<b?5W^L<, lC*SXfc 
(10 0) »-Ef6j. i-*t?*>S«Sffii:Wf 
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UV\ £7c, «U»ttTSSWBI^S i (100) StEirO 
jB*^ffiH#tt. jE^ift [1 0 0] //S i [0 10]* 
1tntt& [0 1 0] //S i [0 10] XlbZZbAW 

[0 0 3 9] «5»ffiT»«HBItt. MF I SflHg-^MFM 

[0 0 4 0] <#mttTife*^>S«^3*R«^*jKi: 

[0 0 4 1] *«ttT**Bttt&«^e>«fiaSixS-i: 
dS»*LV^s. I n*r^blMk*^#«tt-<o^*-f 

s. Re. Pd N R h^tfR u(7}4>ft< th 

IrtSAIIff^W* Lv\ I n £-&trBMt*£ 

n 2 O s . I n 2 0 3 (S n K— 7) ^ (R, S r ) C 
0O3 > (R> S r , C a) R u 0 3 . (R, Sr) R 
u0 3 , S r Ru0 3 . (R, S r ) Mn0 3 . */cfi 

[0 0 4 2] »«ttT*WBiW:Je»ttTifi»K^ 
[c N lEJj£kX*-b>Z>b*\~Z (0 0 1) *-!Effi3, tt&X 
*>Zk*n (100) ^-|Ef«JX^6Ci:^»*L<, 
t vf *t<D»&"C fc ^ ^ ix^r /HK-ejfo 6 C t & <fc 9 «F 
£/c. #«ttT*&»Bii:S i (10 0) £4R£ 
<0JBfi^ffiB8««, jE*S [1 0 0] //S i [0 1 0] 
tut&ttg* [o i o] //s i [oio] 

[0 0 4 3] »«ttT«»Btrau -eoJt«tt*s 1 

0 _5 ~1 0- 2 QcmX*>5r t*S»*LV\ $?Jg|<b 
LTtf>itJfi*itel 0" 5 -l 0~ 2 QcmT*&6C£as$f£ L, 
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[00 4 4] <*K»JK>S«i:3*K«»:»K^^Pfl|c: 

tORBt-Kttfctt*, MFMISiig^M 
10 [0 0 4 5] IMfc^^- 

1Mb vvi^^i* ^Slffiitt . &{b ^ = ~ 9 * & 

<h1"67K ^±Stu^ (S c*5j:tfY£:^ii>) I- X 9& 

[0 0 4 6] Rfb^3^^A*3J:t«Sf3eft^3^T 
20 «\ Z r ^ x R x 0 2 -5 (RJ2S c *5 «fc t/Y £r^tf#± 
gtTniftXfc 9 . x = 0-0. 75. 6-0-0. 5T*2fc 
5) T*^$tt€>«a^Ot>(?D^^bV\ x^J:t/6(Cl 
OVNXIL t&3£i-£ 0 R^UTJi. Pr, Ce, Nd s 
Gd. Tb, Dy, HotSXXfE r ^^il^^tb^)^^ 

[004 7] BMb^=»-^A**tttt. ¥-<OttaE 
[Dj^*LTl>6wi:^a[*UV\ mil ««COfeSS 

fc^irtfi (0 0 1) fifik St*«-e*>5i:*tt 
(10 0) BBroJX*fc6^^^»*L<, V^"ftL<7)» 

[0 0 4 8] Si (1 0 0) S£XBI^ *m)Mt ( Z 
r H R x 0 2 -«) *5J:t^«j»ttT»l»M (B a T i O 
40 3 ) 30S)(B»caJBS^^TV^5t#. cne><oiBft^ttH« 
II BaTiO a (0 0 1) //Z r !_ x R x 0 2 ^6 (0 
■0 1) //Si (10 0), ^oB a T i 0 3 [10 0] 
//Z r !_ x R x 0 2 _6 [1 0 0] //S i [0 1 0] Xifc 

XS>6 c t i>m* jSt?ttBI«tffcSo 
[0049] ybco* e> <omtltei±s ( o 0 

1 ) IE[p]C0B a T i 0 3 ^ 3f v--r ^flStrW J: 9 k*t 
50 6^r, -t<Ojeft*firH«tt, B a T i 0 3 (0 0 1)// 
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Z ri _ x R x 0 2 -6 (0 0 1) //Si (100) , ^ 
B a T i 0 3 [H0]//Zr H R x 0 2 -6 [ 1 0 
0]//Si [010] k%9. BaTi0 3 OSMStt^ 
fl. Zr H R x 0 2 _6^I^LTci^4 5° 

®m^X#*<nm&frkfrX=>e**i<>* k 

X b ttttft^ffiHffiliWfiKBUtT?*) t) s B a T i o 3 
(0 0 1) //Zr hx R x 0 2 J (0 0 1) //Si (1 

0 0), ^OB a T i O s [ 1 0 0] //Z r j_ x R x O 
2 _6 [1 0 0] //S i [0 1 o] oH«T?«fifcpTtSB-efc 

[0 0 5 0] f *^*>^ a WO^iF^jSW, Z r i_ x R 
x 0 2 _ 6 BlTte 0 . 52T^D, BaTi0 3 iT*li 
0. 4 0tfc5^ 4 5° ffirt-eieMELT^aE^-r* 
B a T i 0 3 [110] //Z r j_ x R x 0 2 _5 [ 1 0 

01 //S i [0 1 0] OB8«-mS*:7.f y MS 8. 4 
yol-^So ^C^>^ #S§Wt-<fc£te^g^lIB«B a T 

i 0 3 [10 0] //Zr !_ x R x 0 2 _6 [10 0] //S 
i [010] m BaTi0 3 jg^aitZr H 
R x 0 2 J»affitll [Hlte^r-ftC^CD^^S^ 
U ^(^^. Z r !_ x R x 0 2 _S 3fe^ (0. 5 2X3 
= 1 . 5 6 [nm] ) B a T i 0 3 4^ (0. 

4X4 = 1. 60 [nm] ) ^ 3 M^^5o -0<b£ N S * 

*|§Stll B a T i 0 3 [10 0]//Zr H R 
x 0 2 _6 [10 0] //Si [0 1 0] 
C£ICJ;«9 N (0 0 1) SSfpJ^^t^^v't^BaT i 
0 3 JK^#S-i:^"e#6o 
[0 0 5 1] Z r 0 2 F±ftKa»&fi&tca*ttTft^A-» 

fc ici#±a5c* fc«an Ufc co > ^ffc >?/v ^ - r 

T-fc6o Z r !_ x R x 0 2 -6 Bt<Z>jg*tttt x WtSHJdfife 
fFtSo Jpn . J. Appl. Phys. 27 (8)L1404-L1405 (1 
988)|C#^$ftTV>6 «fc 51-, x^0. 2*»ST*fcSJfl 

x ^ 2 £JlJbW^*««Ttt*— ElPlOai tT * 

-en, SMT'lifcS^s #J;ttf (ioo) ierRjtt 
#e>*L-f, (lii) SErai^s^teA-r5o je 

J. Appl. Phys. 58 
(6) 2407-2409 (1985) iZ ta*^ > £ J: 5 Id, 

[0 0 5 2] LfcrtSoT. 3»fiKlRl^^e>#i, Zr 
!_ x R x 0 2 -6 i-^V^Tx(i0. 2 — 0. 7 5X^6: 
fcjftS»*UV\ x(DX LV^HIiO. 2 — 0. 5 

[0 0 5 3] Jc3e«^3^r3ftS*tf*±«5c*fa. s 
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m&xxfmumtmviztiZo ±iel^»^^ 

$C0. 5 2nmOZ r i_ x R x 0 2 _6 li N Rjft*Y 

x#0. 3<£>t>CQT*&£ 0 RO«««:BJeLfc:**x*: 

10 r ^dS^Tffi^fcO, J»J»ttT«6*K^B a T i 0 3 j^ael 
[0 0 5 4] »**»fe***V%||fb^=^5' 

it^z ro 2 -eafrSftaas. ^±^76^^^ 
*DLfclMb^/l'«!>Att:, ^nLfc*±S5£*<0« 
**3J:t«as*^J:!9K*co*3asWbU Zr H R 

[0 0 5 5] Zr H R x 0 2 _5 l£*$^T x /^ 0 . 2^ 
SS-CS>*««, ^^^<«^7c^4 J t^^Mt6Z 

r coit^ 9 3 moi%&mzzmtm<nmtimx^ ±m 

i^j^s^z r o 2 rhi*. ein^sip^^ y i/ h 

[0056] mm&f&<ffif£7tm*iz&ttz>z r ©it* 
*s»vMa^ tmzro 2 <DfNma>m^&¥imi& 

(MI Sfltag) |C$3V^Z r 0 2 ^rite^ 
fri:UTfflV>fc*&. YSZ (YStft^V^^r) 

y i/*frtS:< t£Z>(nX\ M I S^^<^ Lt^ffifttt^fi 

Z r 0 2 co4Ste^{Cj: t)^fP^tl6C^r Zr0 2 O 
tfto^ibJ&tltmfQZti-r. -£tc *±JBtc*S:SS*P 

40 LX^6fc^JwKlR^te355#V\ MFMISM 
^MF I S«Jt*-*5V^t, mmftk UZ r 0 2 

■C. »R«*«)»«R6I- i 5 C - v t y 

[0 0 5 7] Lfc^oX, A»*JBfttt*5J:^ffittdS 

|*<fll*5c*4 , «C*3»+az r <Dttm*. »^L<ii93 
mol%iB, J: Vttf-ti L< fi9 5mol%^±. $^t^W*L< 
f29 8mol%J^±, itS^L<li9 9. 5 mol%£X±.X&> 
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fl:Sttff-c«:z r o 2 £Hf0 2 tOiWIttllUV^Tf, 
Zr0 2 ©«tH, iifit, Z r +H f -CCDMS^^LX 

L^ot, *MWWc*3lt-6Z r 0 2 
tt, H f £Z r i:«rn5£*i:*ttUT||caSixfclt-C* 

Hfo 2 n*mwiz&tfz>mik*J;i'='=-<}j*?ikm 

[00 5 8] *f IB»BI*r*fiKi-6»&, *B8»Bl 10 

i 0 2 fti?<oiMbJi!fts**Six-6ci:*sfc6 c Sfc. jft 

s i mtmm tmm-t 

[oo5 9] ^±mmm»mm 

*U r^j&Uiisi^TZ r o 2 SMSMI-^6o 

£\ K{k^3 = ^^^»«±^*±«iftft»^*«Sr 20 

*BJl-f c-v»tt©t^y^S:ft< 

[0 0 6 0] *±»«Wb«*J»«ISrlWt:^3 = 

tt"T?tt (ooi) 3£-gEi*j^ (loo) V-EAoil^ 
*j*-C#-f\ (ill) Ert^lBfcfco-CLS 

[006 1] *±*BMfc*S»«ra\ Y. L a . C e . 30 
Pr, Nd v Sm, Eu. Gd, Tb, Dy, Ho, E 
r, Tm, Yb^J:t;Lu(DW<Hl^ C 
e, Pr, Nd> Gd, Tb, Dy. Ho&£TfE r <D 

[0062] ft±mmttoJknmmm£tix^z>» 
fcott)«t<, Btff*rpi«wj|flj«35s^t;t-s«^«i&R-e 

z r§W*S:»*4tflll:Btti:»*HS 0 c 
[0 0 6 3] tt*5, *±*BMk»**BUJ:«!iDi-6*± 
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[0 0 6 4] iMb^3 = »A**«ll*3j:t5*±«IWk 
v\> ztihnWmizc a ^Mgi^W!) 

U y-^«r»Wi-6Ci:^t»*«. A 1 *5J:tf 

S itt. Btw«tt*S:|p|±**sa**s&S. £<blc. 
Mn x Fe s Co, N i ft Jf4>Sf£ftl(?GXtt* BWfc 

fc iO»tt«r«Bt8cfclwJ:9Mttol!lP 

[0 0 6 5] <»«MlottAtt. »ffitt*5*OT*>T 

[0 0 6 6] i»BI<OJ|gaffiW:, XRD (X«US0f) fc*J 
JtSRlttr— ^Oo y*y^*-^iNW^ RHE 
E Die J; - VtW^S C iST* 6. 

*BttWt. RHEEDft(D^h!l-^tt, *5J:U?AFM 

[0 0 6 7] J»»ttT*»«k *«ttT«&»IK*5J:^ 
Pfl«BK<o*SStttt. x«l|§Wrfc:J:«5.<0 0 2) ffitf>JK*t 
©oy^^^— ^©2Mt**tl. 5 0° OT^r^Si 

'FIHSHRlwOt^T. AFMUU: t)^M*&£R z (+,&¥ 
S2p*$ 5 0 Orim) «rH£bft:J:«« 2nmJ^T 
T^S^i^K, 0. 6 OnmOTTfc^^ <t^J: 
t>#£Ll\, &fc, »«ttT*SHK<^-biaR z fit. 10 

^-»Mo^®co^^U<|18 0%W_L, J: 19 
I<fi9 0°/otil±, ^^|d^^L<fi9 5%J^±co^«c 

1 0 cm 2 <^S«^:®tCtofcoT#»^^fi)cUfci^ 

[0 0 6 8] n y^i,?* — :/tf)¥ffi*S*5 £T/R z <£>T 

n — ^(^^Sffi^TPSfflHO. 4° U 

ft, 5 0 Onm-eo+^JSftSR z OTRWKtt 

0. 1 0nnSST*5o 

[0 0 6 9] RHEEDW^M)-^T'$)o 

[0070] t&m&Twmmnmtstemmz xvmtt 

9, -W^l<li5~5 0 0n]n, <t!9»^L<Ji5 
0~1 5 0nn-Cfc5^ ttAtt^S J:tfXBtt^«ftfotl 
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[0 0 7 1] #«ttT»»««>ffSt>ffl^l-J:9»* 
!K -«:I^L<li5-5 0 0niD, £ t> L < 13 5 
0-1 5 Onm&flrefc*^ «Sfttt*5J:t/*ffitt^a* 

mmJSt LT#tfB£i*:£*&l-tt:, f$^5 0-5 0 0 

[0 0 7 2] ^MSHK^ffStfflaiwiDa*?). -» 
L< 115 — 5 0 Onnu J: D L < fit 1 0 - 5 0 

fctfW*Ur\, *Pfl*KSr*fejftS^UTffiv>^» 10 

^CQj?$te. 5 0-5 0 OnnSfiffcS^^^ L 

[0 0 7 3] 3ft««ff*l«*ffiS:Ji1Bi:IP)S«c:AFM^ 
J:D»«Uti#> 5 0 OnnfC0>R z!4, »* 

L<filOnm£AT* <k9#£lXte5nmj^TX?&6 0 R 

[0 0 7 4] <«*^M ^>*»«OUWH6#:|4. ¥ 

toy- b£ bxwfifcsn. 

RHg. Jfe^ofj/^ OEIC^^I^^Sfflt^Ci:^ 3 0 
[0 0 7 5] <|Eftlift:>*3SM^K«JSflctt. AFM 

o zmfmrn^mm-r z> z t *><> 

12. ^J^f^#^Bg6 3- 1 9 3 3 4 9 -§-4*«U:lB«S*l 
EP*PU ^o-^lcj:5 3fe*-t-5 0 ^co<t#, SfiKm<* 

»^o^Emai*t-<t oe«K*«iB^iE»i-e. reft tr 
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[0 0 7 6] *J3, COj:5*IE*W**fc35SJBfflStL 
6^W©lltl**{*«* FMISi^tliFISM 

[0 0 7 7] *fc, ^H*S»SiSK±I^M$ 

/bu ***Tfc5s i mm\mm£tiitmmz£ 

ds-C#6 0 C^^oSS^fcHLfct, Jiia^lPJfiSlwL-ciK 

[00 7 8] 4*3. C^IBftSdfc&ft^tt, F I S«ig 

[0 0 7 9] AFM^STMI^ jpjC-?- U^/VCD 
tt5o Sfi««*r4^«R<Ea«^l OOnsJKT 

£Si3£t?*>tK ^oSfthTjy h£r 1 Onm^T^SrC 

[0080] <&mmftmm<ommj>&;>#:\^ 

[00 8 1] *«W^«5fi*fe*r**-rS8-*>fc 
om Elit-^U^J:5^*3gflilS:fflv^^i:^ 

[0 0 8 2] aR»36Bifi % Hffi#^^PdSK»te>ix*: 
S^ila^rtU 1 artJdfl, T$i5t-StS 

fts (Hl*Ktt4^^bT^-^ 5lcflN»a?*tT*9. 
^e-^ 5 l:J;oT[E]fe$ti, 2 £^ffip*9TiH]i|E£ 
^S^i^t^^Jrplc/jjoXt^o ±|B*/P^3tt, 
S«2 £*D?&-r6 t 6 SrrtjKLXV^. 
[00 8 3] l fcJ\ SMktt^f^ 7 «:« 

P8IL ±ia^/i/^3(^iE<'T*l-i£B$nTV>>5 0 c 
f±. PbOl««9, T i o x iHffil0i3j:t;*±g 
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sill, mu(om&±-x?npb<D : m%.!£i)m\'^ti#>. m 
p b *m^z> t nmm \^xmmmm^nm < 

V^s. PbO&J8v^£tt^^ig£6^ibT*fct). T 
i O x £fll^6S&t>, P^ld#^^igV>^^-Cfe 
3 Q T i O x co#fc?9I^T i ^r^V^fc^H^ TitePb 10 
O X *) h&titZfr^^^tb* PbOliTi(c®il:g 

[0 0 8 5] T i O x l^ltSxH #£L<te 

1 ^ x < 1 . 9, J:9ff*L<ttlSx<l. 8. 
|d^^L<fll. 5^x^l. 75,^(^^L<fl 
1. 66£x£l. 7 5tJ)5 e COJ: i O x 
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20 



[0 0 8 6] ^f, ±S*/l'^tw£««rir5' h-*-s 0 & 
Si**Si&0 (10 0) U-lrS^iJI^S £ 

t ^xm\,^z>z.kh&&^\ 30 
[oo8 7] ^m^m^mxn, mw^mmwn 
m*±mm&fo. 1 o C m 2 £x±(omm&ft^m& 
±\zMf&-rz>zk&xzz> 0 rtit-j:t), ^m#»jg£ 

JiRttWicfci^ ^tii4 0 0cra 2 3M5-efc& 0 

^4£#(*:^c2"fe^fi 2 — 8 4 yfOS i »>3i^n— . # 

[0 0 8 8] £tE£K£*T*D*&U PbO, T 

i O x *5J:t5Gd tiMktt^^i:S:***ffi^«»i"6 



[ 0 0 8 9 ] apjlfciaftfct. 5 0 0-7 0 0t, #IC5 5 

O^^jg^^i:, «JK»i:Sfi^S i**asRjSU 
Atto«*3SRBffBt3ft s #&lx^<v\ 3=fc N Pt^ 



[0090] iiaiwbtt^iuTtt. mm. 
hwki**. no 2 . 9s*#^i**»*fliv*aria*T? 

[0 0 9 1] :^Til ECRBt5R«l-J:6 5^*^K 

[0092] Xffi^^^-e^tt^xawrtft#«u* 

S»*#JEtt, 1 0 " 3 - 1 0 "iTorrSK-Cfc 3 C £ 
*Ut\ »*»JEeO±(8* 1 O^Torrt Lfc«0«. JC£ 

<£>gf$#tel 0~~ 4 — 1 O^TorrO^V^EE^lw/^oTV^o 
Si^^^Mflis 2-5 0cc/^ ff*t<ll5- 

[0 0 9 3] #3K*asU2, i^t-^^WLTil 
<SH\ 3£tEJctt*&-rs 0 SB**I4, #£L<teO. 0 
5—1. OOnm/s. £ 9 L < 0 . 100 — 0. 5 
0 0nm/sT*fc<5 o J*K*S 6 k /*l«3£ft«r— 

[0 0 9 4] T i O x &£TfGdn, ^UfcJStf^S 
^S«±tc:fiKSi--6PGTieSlc:Si?)j&*iX'&^-e, i 

*&i-ixtfJ:v\ L^U. PbOttl^Hv^(Ot« 

«^*Jx6PGTi^Aiwi3j+6Jt*iw»La3Bi:i- 

T i <h (Dm^it 
Pb/Ti=E {Pb/Ti ) . 

t. M^/cMiMl^«l^it5 P b kT i 

Pb/T i =F (Pb/Ti) . 

k<nm&&s 

E (Pb/Ti) / p (Pb/Ti) =1' 5-3. 5. 
E(Pb/Ti) / p (Pb/Ti) =1- 7 ^ 2 - 5 ^ 
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E(Pb/Ti) / p (Pb/Ti) =1 - 9 ~- 2 - 3 

kte&h<oxhz> 0 SMfcp b oh^^n^wJxxj 

SC4rl2i46o E(Pb/Ti) / F (Pb/Ti) 
k, K*pizLPbt:+&\z&G-r&z.b&mMkte9s R 
(Pb+R n ) /T iOjt*3^«<tti)-*-SfTfeft 

(Pb/Ti) / p (Pb/Ti) ***tf6i, ffi£4>o (Pb + 
R n ) /T i <OJt*^>cft< ftOtft, -<P^^^7^ 

hffi^ftfi.i-f&top b v yf«#mau -<n^^^-r h 

[0 0 9 5) £A-hK9l Lfc J: 5 t-, P b 0*5 JztfT i O 
[0 0 9 6] f&mmm& 1 Ocm 2 S««-fc-CifeS»*. 

mm<D\B\mm*i or P m a±Tfc*ctdsa*bv\ m 

±12 Orpm SS<b/cC^o 

[0097] 3Mra#*0t7gA9K MBytctrs- 

0~8 5 0t, J; L< fi6 5 0~8 0 OtTC. 

^L<ftl#ffl-30M J:«9$?^L<«5-1 5 # 
B8fT5o 3»W«i«»«l«rrs-yW-*i:, (100) gE 
«I*8ite*ufc8 (10 0) ElRlw|(^s«*lfc9t« 

— )ttlC|ft±i-6 Q <C*5, MFMI Stftig^MF I S«iS 

[oo98] «jt. &mmt*mm(vmm*ik<Dnm&m 

60 



(13) WW1 0-1 7 3 9 4 

24 

[0 0 9 9] S5>l-**ife^*5t^MBE36fi*fflV^-C 
[0 10 0] EAJb"CI£> **W^R«3gtt:^^-t-S3fiR 

ommm&B 1 2 o 3 araMr* *. « z t xmmmit 

[oioi] <mmm»<o»mijitk>*\^ *&m<»Wk 
mmftnmmxmz^xmw-tZo 
[0102] m&mmwm 

20 \cmmmm&i&-rzkAm*i,\i\ £rn-, 

[0 10 3] jBftSffiwatlR^H^^MtS*®*^**. 

ma. nb^SSOitt^ttfcd*, 
[0104] S i S^Jilr^fe^^^fc: 0 ^^^^^ 

os immmmK ^^»»«jgflMR«r. ****** 

[0 10 5] L^U Mft^nfeSi (100) ^ 
Bfftt, «3zS-T*J:5^ ix2^fc|i2xii^/j: 
t). Si (ill) ©Sid, 7 x 7^fcH2 x 8«ig 

5fc#>, »*L<ftv\ 

[0 10 6] C^e>o«f»{k$nfcS i WtMte. 

50 -rzmm (room) -e«. ses*^®^^ <t 
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[0107] ^«t5ic^^^ Si¥#SfflS&i^ 
[0108] cojuror*. *i\ ^®^«8Kfc£*L£: 

S i 12! 1 ic^-f */i"^t-1r 5/ h LT«^ 

^csi-s i mtmm^fSL-r sw^tur^ io 

ffl**:«v^Tt>J:t^ S i SMfcJfegtt. g 

<5 0 SiSH^I^f^^ 0. 2-1 Onm&a^-*-* 
C^^ffju\ Jf:£^0. 2nm*«-C*>5t, Si^ 
B^«»* s ^*^fc*3**€>^*>*. _bPB£rl 0nro<>: L 

[0109] ±%Z(Dtom*. 3 0 0 — 7 0 0 t^Ig 

id, o-i o^raes««FuxfT5o #n 

ffif*. 3 0-7 0t/^Mit6 o MS^f^-f^Yc 20 

[oiio] mitvktfx^mAte, 

LTB»trfflV^^ K^W^^^W 1X10-7-1 
X 1 0 _4 Torr|£JtcoH^-U IMfctttf* cq^AIc £ 

9 , < t i>mmj5:&<o&w&.*><omm&m& i x i 

0" 4 -l X 1 0 _1 Torri:*S J: pi-LTff 5 wir*s»* 
LV\ 

[0 111] ±1BISSL *ffi*T?iDjlW"* 0 ^S^® 30 

n5fttfo»jfcds*4Lftv\ umMmn. eoo-i 

2 0 0U ^1-7 0 0-1 1 0 o 0 ct-tz>zbfcifr&\^ 
i\ 6 o ox:&ffix*3bZ>£. si^iSfflinx 

[0 112] &V>T% Z r*3j:tffijMfctt;tf*?K Z r. 

*±«7cSt (S c*5J:t/YSr^tf) #£tfg£lbf£;tf* 40 

«TXSt??gfi6UfcS i mitmm *r»5BU 

£fcteZr, #±a5c**5J:t/SHR^<tl9, lxi 

[0 113] *ffi«3Stt. RHEEDICJ:5«^- 

1 x i (D^ffifliag^S^ «^»AW#r6i^ [110] 
"CHl 7 (a) UiSti 5 4 1 »fl»C 1 (0^4^ h 

— l/bte*). A£t;£ft£r [1 — 10] Id LT 50 
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li, fcttttf. (ioo) mom-si x 2*fcii2x it 

*>Sd\ l x 2 t 2 x i tasfiftLTi^aSffiflKgfcfc 
5 0 RHEED^-yit m 

^oAW^rfa [110] [i-io] <mvf*x 

*\ *fcfiW*t?. M17 (b) ^i"J;5*lfe«ffl 
cU2MC2^fto/^-y|:/^ fl lxi^ 

*ffi«36^*3V^Ttt. IBRHEEDO/^-m 
T, A*t*lRl^ [110] [1-10] 

[0114] si (ioo) m#mmi> ixim 

tlfc 0 L**U 1 x l Sr^t*#l4^n»T*?l, 

ic^m^<t < i x i & s i r t n> s«t 

tt^tB"C4>*. 1X2, 2xi s 1 x i i^-f ftcotffig 

xs i ctw&ztix* mm»m<ot&&&$uti*ir\ t \ 

[0 115] Zr. &itt±Z r*$£Xfi%;±m7Kmtes £ 
£<QBIJfW0. 3-1 Onm. ^|C3-7nma J S<b^6<t 

u*t. m<m& J £x<Dmt£mk^?* mtvo&&x 
(om&m&o. 3m^mx^ s i mitm<omit<D^^ 

i x iffimxte< tezzh&to&o ±Ksimt 

1 0nm^x.5(bs JilScoi: 3 lw&«£tfc»L-Ct> S i 

[0116] mtfeu* t isxmm&m^zm&n. 2 
- 5 0 cc/ftMmm&-rz> c ds» * uv\ sk^tt^^ 

[0 117] ^W»W^fi8 
•TX*|r^P^7 - 9 3 0 2 4-&Jw*5V^S*L^jfe-e 

[0 118] W«l:fc/coTll *-f % SS^rJbP 
tS£hik<0±#>\Z4 0 O^gJlJiT-fcSr t^g^u<. 7 

^-u-<^co^ffi^titi^#-5/c^iw(i8 5 ot:j^±r*fc 

li, 13 0 OtMtfcSo 

[oiHiftv^ z r &n*¥-j»mxi)mL,mft 
mizfcK%±M7tm&&mmm\zi&m^Xs mtv^ 
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05—1. OOnm/s, <£ t) L < 13 0 . 100 — 0. 

5oonm/si:t^ &mmm&si~gz k&mmmz- 

[0120] ftio, Mlt^xoli, ^<a«j&§. X 

[0121] ■WI:^=»=*A*flWlo±fc*±«aMk 
4rJ8v\|xtfJ:i\ cotS^IWktt^xotAfttt^i 

[0 12 2] ife«ttTJftW« 
*f^«JK±t-itei»'l*tT«fi*a^ UBaTi0 3 m&M 

[0123] fmtmtitmm. tam#*xm{m#x<D 

WA*rWt**s&^ B a*3J:{/T i S:SS*cB(wtt<&^- 
So ttW&fite, B a : T i =1 ; 1 bfc2)<k 5 

OB a/t i tfc»fiJfc«\ B a T i 0 3 Jg|tf)gEftf£l-j|£ 
•tRtf-f. BaTiOjE tpHMl (Z r x _ x R x 
0 2 -8) *5«tt/S i (10 0) &£0*SA*flrH«*S. 
BG3£Ufc#S Ll^HflU B a T i 0 3 (0 0 

1) //Z r j_ x R x 0 2 -5 (0 0 1) //Si (10 
0) . ^OB a T i 0 3 [10 0] //Z r j_ x R x 0 2 - 

6 [ioo] //Si [oio] J: 5fc-rafcae>^ 

Wt. B a T i 0 3 fiURmci3(t5ttlMUUe»8 0 0-1 
3 0 0«C, L< J29 0 0 — 1 2 0 0<C*SS$ LV\ 
Sfc* j£S#J$OB a/T i IWS&Jtte. 1-0, »* 

l<isi-o. 8 <b-r*c£asg£L,v\, 

ftttJBIwttT iiB»«r-f*ci:^if4Lv\ tt*5, Ba 
/T i0W&*Jtaso-e*>5£tt. JftJttMlKittT i 

fc, *mi#l:AEtl;R^i:, **tt«TLXL 

»«i«*jws*-*f «k ssa^Ba/ 

T i Jt^»«J-e*^ofcl9i-6i:. ^SilSB a T i 

o 3 jK^ew^i-s (o o i) KiRn?tttt< (iio) 

Bftld/jCSav *fctt (001) SEfaB a T i 0 3 flUtd 
(1 1 0) en*AM«EL/rL*5 0 fifcitOJHfcfi, 

LT, BftWlEft^W-TSB a T i O s ^#6*11- < 



(15) 4$ffl¥l 0- 1 7 3 9 4 
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V\ JftfMBHfcT i ^fO^S^te, B a fclMfcS*/Ua 
jMHMHfctt, BW*lniniB«BlT-efcStSHrt'T?fc 

So 

[0124] MtkttTififf Bt»AK^(OAnBiK, BMktt 

A 4 BUT?* 6. 

[0 12 5] *Pfl»JK^3»ttTifi*flI<0_b|E^*fe 

oz>tz.£>, n^x<^mm^^^^^mmx^ 

So 

[0126] ^m^TJfefijai 

xlfP t3fBHc*5V^x, (001) EAfl^ (111) 
[0 12 7] I n«:*tflWk***:f4»«tt^n^* 
30 «»ttT»*Hto^fi8*jfeSrfi]ffli--5 - ^ L < , 

tT#So 

[0 12 8] 3S«mft»lK 
[0 12 9] 

[0 13 0] <jkffiffli >^®^ (ioo) ffitfc** 
40 »®WSLfc**gSMgOR4R (iE^2-<^ 

« tSKSfticfct) P t (0 0 1) iBrplRS:^ 

[0 13 1] *-f. *ffl»rt^K«$tt>tlHNE*5J:t«J0 

«^>y(dJ;i9K^m^l 0-6Torr*T?*ftLfc. 
[0 13 2] *WT\ S«*6 0 OncirJWJIHU 2 0rp 

3B^«:i0cc/»(O|iJmAL, SfeiCPbO, 
50 TiO x (x = 1 . 6 7) SJJztfG d Sr-tix^tlOSR* 
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Wfr(DMZ££ J £Z>^k\Zj: 9, j^J?3 0 OnraOP b -G 
d-TiMft« (PGTfK SrJSfiKLfco 3K« 

^7^CD{fcjf&|:J\ P b O : G d : T i O x (D^-yWit^ 
2:0. 1:1 ^^SJipl-MftlL/jr^btTofco 

E (Pb/Ti) ==2 - °^ 

[0 13 3] M$tLfcPGT«l«$:MXlS» 

(Pb+Gd) /T i =1 . 0 2, 
Pb/ (Pb+Gd) =0. 90 
X£>o/c 0 C^fifiRtftt 

F(Pb/Ti) =0 - 9 2 ^ 
£#£CDX% 

E (Pb/Ti) / p (Pb/Ti) = 2 - 2 

[0 13 4] I(Z)PGTiIl:ol/^, RHEEDHJ: 
6>Mffi«:fTofc 0 El 2 ^OPGTliWRHEED 

OStRO [1 1 0] ^^LfCo r<DjB*d>^*?d*6«t 
ccoPGTSHK^ffi^HISf^^-vtt, ^^(w^ 

ll^fcoTlO^ J IS B0 6 10lcj;5+W 
«Rz (S^I^L: 5 0 0nm) $:»J3tUfctr 
¥^)-C6. 3nm, 9 . Onm, g/hX 1 . 3 nm 

[0 13 5] <*Jfi«2>«ifi3j)S (10 0) ®^/^5J: 
5l-«J»Ts tt9itf*Lfc¥l£AS i (pi, Jt«St5Q 
cm) Rte (a^2-r^) SrfflKlwJBl^fc. ^TOBFlBL 

j(ixz r o 2 »m wrmrn) . b a t i o 3 mm «& 

fc 0 #SWK«X^IHSf*3J:t/RHEEDtc:J; t)^ 

[0 13 6] *i\ K!gWrt(cK«*nfc|H]te*5J:t/SD 

»Srl 0- 6 Torr*-etti£»#^^J: D#*LfcflL £ 
S&2 Orpm -eisHESiir, WS:;^^ 5cc/# 
<0W-fi-eS4E*©f+i£»-*ALoo, 6 0 0tl:ML 

[0 13 7]*V^ S«^9 0 oricADf^LIelte^^: 
mtfx&2 5cc/»<DSf»J*"Ca»AL/j:d5e>. Z r £^3g 
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S i «ffiflySS«fc#rt: 0 Z r <£>tfc|&fitt, Z r ftfcft 

[0 13 8] SMS9 o o<C, £ffi[e]te»:2 o 

rpm s /X/^P>^^x^2 5 cc/#<7)tij^T*a|A L 

Onm^Z r 0 2 »MSr«ria«t3SS«±^JBfiK U ipRflft 

[0 13 9] X«ftlE]*fO^ N ^Zr0 2 iWW 
10 (0 0L) Kltt<D\?*-iSrt*rt&mV>btl. (0 0 

2) &&f<£>n — ^«||10. 7° X2fc 

fe^o/to (002) ¥-?n&m-&m-rz>s 

i (2 0 0) e-^tl4orv^s x JiE^fflBttS 

i (200) tr-^fc^tHt-efca, 

[0 14 0] ^(DflCo^TRHEEDaiJ^ 

z $rjR|^L/ci:C^ N ¥^0. 8 Onnu **"C1. 0 
Onm, ft/JX'0. 0 8nmXfct). 

[0141] Z r 0 2 *JS£*>#;b D KSfftftSM' 

Ylw«fc 95fc£ftbfclWb^/i*:3 = *A (YSZ) «Jg|c> 

u^itt*. z r o 2 mmn y s z 5 

30 [0 14 2] Jfct^ SS1S9 0 Ot, S£|D4&ft2 0 
rpm , S X/l'fatbWimtfX&2 5 cc/#GDfiJ-£-X#A U 
fc^ffiSXB ai:Ti^l : 1 <0»&T&«S«a>&tfcj» 
t6r«i:liJ: «9 x J^if: 5 0 nraco B aTi0 3 #)^£:Z r 
0 2 *KJit-^/*U «ft»ttT»J»«i: b^o 
[0 14 3] rC0B a T i 0 3 WBItClOt >XXjftHIJf * 

fTo/c^r^, (ool) tr— ^«*t^B«>e>ix, * 

Ac. (0 0 2) Rli^Py^W-^iHMIIll. 

4° Xfet), (0 0 1) *-Eis-eK«S»tto»^*-6 

40 [0 14 4] CcoS?^<|rRHEEDffliJ^Uyci:r^. H] 
Sf^^-^Wt, h y-*xfc6/^->xr;Jb 

[0145] Si Z r 0 2 «EB!*5ctt^B a T i O 

X^[fiISf^^:75^. B a T i 0 3 (0 0 1) //Z r O 

2 (ooi) //Si (ioo) T?*6:iiStoo^ 
£fc. #S?JKl-oV>XORHEEDSiJ^Sr> I+HcoA 
W*fS]^r— fet UXfTofc^Sm. CH^ORHEEDSiJ 
BaTi0 3 [l0 0]//ZrO 2 [10 0] 

50 //si [o i o] -etbz>zktimmx*%ti 0 
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[0146] mmmi tmm\zLx* mms o o 

nmCO P G T Wti&&J&f& Lfc 0 
[0 14 7] ****xfePGTWBI^JB««:**X|ft» 

(Pb+Gd) /T i=l. 0 1. 
Pb/ (Pb+Gd) =0. 8 9 

F(Pb/Ti) =0 - 90 ^ 

E (Pb/Ti) / F (Pb/Ti) =2. 2 10 

[0 14 8] CtDPGTSJj^o^T. RHEEDICJ: 
SffM6*:frofc 0 

[0 14 9] |g)3(CC<Ofi?J^RHEED^* — >"&^ 
1- 0 i<^^:#co«^3l607J**^«, SiMo [11 
0] #|p]£Lfco fed*** 5 lw. R HE E 

5o C*>'<* — ^*XllU§Wf£j&>&* M^tifcPGT 
iifi^p^^^higt^ot, c®gfi[*]<7^t: 0 * 

(CIXR z «rajj£b;fc:£ ^5, ¥^)T3. Onnu *;*X 
7. 5nnu */KC0. 9 nm£¥tfiX&ofc 0 

[0 15 0] :©PGTliM:, Pt»Ml 
TMFISMHt rM^i^v^ysot 
tl0»rflr^-;Hfcf, SffiSEl-^--^ y*<DA 

4iw^-r 0 gi4Jc^$tL6 «fc t^fy^w 
#e>j|xxi^„ e^fy^Mo. sv -cfcofco 

o. 7V w^^ey t^^b'ttmibti. ^#3gt£^ 
^ey«if^dS*BSn^:o PGT»IORf*tt2 0 Og 
ftXife r> . fe&v PZTi if <z>3SR«f*3*tttf s iooo 
S*xfc5<Bfc#L/h3vvz>-e. mf i s«3t^*r-r^> 

[0151] <n*«i3>iaft«2i:ipji:*iis*s is 

«LLt^ Zr0 2 »g , BaTi0 3 » 

mm&Tmmm) , pt mm mm^rmmm &± 

tf»Sim#*JBI£, :o«-«8«i,fc, 40 

[0152] Z r 0 2 WfflUS J:tfB a T i 0 3 Mflltt, 
H*S#J 2 £ RUSK LtM 

[0 15 3] #Clv-c\ B a T i 0 3 ?SMi££r Affile #1" 5 
SS^7 0 O'CKJPfRU *383K*ifeU:J: D8W10 0 
nmOP tSWKSr^bfco P tfK©»*IC||ILTtt, 
Pt (111) WfiA&BSCfcfclw, »gR^*3cc/ 
»©M^»AU^5>, lOOHfORf /7X-rSr» 

[0 15 4] rcBSHRI-oi^x* X^lEj&f^J;t^RHE 
ED(dJ:!9Wffi^tTo3tjgm> (0 0 1) %L— gfirBjeo^ 50 
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tr * * > -v /UK x & 5 i £ t * niB £ *x it o 

[0 15 5] ftl^ HffiMl £IrJ«MLX, JS£3 00 
nmCO P G mmZmiSL UfCo 
[0 15 6] ***tLfcPGT*RW»**:**Xi|»» 

(Pb+Gd) /T i = 1 . 0 7. 
P b/ (P b +G d) =0. 9 0 

xfcofc. ;:<£>*a/#;xf;t 

F (Pb/Ti) =°- 9 6, 

bteZ><DX\ 

E (Pb/Ti) / F (Pb/Ti) =2 - 1 

[0 15 7] CWPGTSRICO^T, ^lfcffil 2 J: Htig 
|:lTRHEEDM$:ffofc 0 #^tifcRHEED/^ 
5 Ul*H- 0 ^^PGT»jK<OX|&0«T 
EISr> 0 6|C/T+ O g]6XI;J\ PGTO^P^^^f h 

^ hy^^-y^Bft^nSwid^ rows** 
(ooi) m-mfa<D^t°?*^-rsi<>mxibz>zbi)m 

[oi5 8] ±&kmm\^vxs i &k±\cz r 

0 2 »JK, B a T i O3 mm&£X*P t HUK«r«JI Lfc 
X. JM«af*:*^^«:»fc 0 ^tib^SSRlMRO 

E (Pb/Ti) / F (Pb/Ti) = 1 - 9 2 

X&ofc 0 Smcil*. #^^^(^3*K«f*:*Moaii 

cDB&f*^ (PGTf) £^Ufc 0 ft*S, _b 

IEU/cPGT#^W*r6^V7 p /W^|E*bXfe-5o £ 

tut^ys^ (pt) wasr^ri-s^^^vtf^iH 

Lfc 0 £fc. J: 5 JttR&fr o itfr\^ l X 

fflv>/cSS {MgOJLIdP t (0 0 1) K|6jK£r*r*-£ 
Sfe} ±l:PT»R4fcttLaSiPPT (PLT) ffffi 

[0159] Xi@^J; «9 . *3BW*>^^3ftR« 
MISSX*)"). fy//VNo. 1 4 
(PPT«i) XI* (0 0 1) gEf^i: (10 0) mfak 

*s«*Eur*5 9, te<o*?§wfy^(j: (ooi) # 

X*fco/c 0 Lfc^ot, f->^No. 14«I(*» 
1K«. (0 0 1) SEfRl^: (10 0) 6Efpj£a*®fiELXfi 
ttffirtXJ|*fittdSffi«)XJ:<aioXV^Ct^ 

[0 16 0] -y-^^/WNo. 2 (PPT»I) o^fim^ 
»tt^RHEED^^ — ^Jit/XjRlllJfiaSr-tH^tt 
El7 46J:t/l§l 1 0IC -y-^TVl^No. 7 (PTTSI) <D 



(18) 
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ZtllftimS&XXfmi l«w. i^yO^No. 8 (PDT 
[0i6 1]4t f-^/Wfo. 2 (PPT&JBI) ^r^c 

miff m&s iai3 id^o euofciai3fc ^ittka* 

^ T=--M^£.V (10 0) g^S^aSLt^^: 

[0162] ^^y^<D^mm^Mmmm^o . 1 1 
6 a f^;7vhf^;p^i) tci;9%)J^ifc 0 



34 



o. 2 (PPT»I) , f-^^No. 6 (PGTf 

m) , I^^No. 7 (PTT»IK) cOb^xUv^^^ 

^tl^tl^l 4, 15, 1 6 \Z7Fi~ 0 
i^^y^^e^ffiP r , 6tm# (^^teSlE) E 

1 0 6 l"]#ffi»l££< ^Lfc&CD/M 
10 T^OV W^fiPi! i:, »»SffiPr 0 ^ 
It (P r x /P r o ) -C^L-fco 5*ffc** 

10 16 3] 









(Pb+HiO/Ti 




t&ttim 




2Pr 




No. 






It) 


ft* ft) 


(Ban) 


nr. fin 


/,.p A— ,11 

\uwcm ) 


W 


(s i«tS) 














1 


PLT 


La 


1.03 


0.89 


2.02x10" 


2.9 


29 


72 


2 


PPT 


Pr 


1.00 


0.92 


i.olxio s 1 


2.8 


30 


75 


3 


POT 


Nd 


LOS 


0.B8 


5.26x10'° 


3.3 


49 


60 


4 


psr 


Sn 


1.06 


0.81 


1.43X 10' 1 


4.1 


48 


63 


5 


PET 


Eu 


1.13 


0.91 


1.40X10 11 


4.9 


59 


68 


6 


PGT 


Gd 


1.07 


0.90 


6.56x10" 


4.2 


41 


70 


7 


FIT 


Tb 


1.02 


0,91 


8. 57x10" 


3.7 


23 


80 


8 


prrr 


Dy 


1.15 


0.B8 


1.70X10' 1 


2.7 


8.6 


80 


9 


POT 


Bo 


1.03 


0.91 


3.48X10" 


3.9 


26 


73 


10 


PErT 


Er 


1.15 


0.67 


8.50X10" 


2.7 


6.8 


90 


11 


PYbT 


Yb 


1.11 


0.90 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The composite-construction object of the stabilized-zirconia thin film and single-crystal- 
silicon base which are characterized by what is done in general for the equivalent content of the 
stabilizing agent to which the aforementioned stabilized-zirconia thin film becomes a single-crystal- 
silicon semiconductor base from the oxide of a low valence metal rather than the valence tetravalence of 
Zr in the composite-construction object which grew the stabilized-zirconia thin film (Zr02), and the 
oxygen ion hole disappearance agent which consists of an oxide of a valence metal higher than the 
valence tetravalence of Above Zr. 

[Claim 2] It is the composite-construction object of the stabilized-zirconia thin film and single-crystal- 
silicon base according to claim 1 which are characterized by what the valence of the oxide metal of the 
aforementioned oxygen ion hole disappearance agent is pentavalence when the valence of the oxide 
metal of the aforementioned stabilizing agent is trivalent. 

[Claim 3] The aforementioned stabilizing agent is Y203 or Sm203, or it is the mixture of Y203 and 
Sm203. The composite-construction object of the stabilized-zirconia thin film and single-crystal-silicon 
base according to claim 2 which are characterized by what the aforementioned oxygen ion hole 
disappearance agent is Ta 205, Nb205, or V205, or is been the mixture containing two or more of Ta 
205, Nb205, and V205 sorts. 

[Claim 4] It is the composite-construction object of the stabilized-zirconia thin film and single-crystal- 
silicon base according to claim 1 which are characterized by what the valence of the oxide metal of the 
aforementioned oxygen ion hole disappearance agent is 6 ** when the valence of the oxide metal of the 
aforementioned stabilizing agent is divalent. 

[Claim 5] The composite-construction object of the stabilized-zirconia thin film given in claim 4 term 
and single-crystal-silicon base to which the aforementioned stabilizing agent is characterized by CaO 
and the aforementioned oxygen ion hole disappearance agent consisting of W03 or Mo03. 
[Claim 6] The composite-construction object of a stabilized-zirconia thin film given in any of the claim 
1 to which concentration of the aforementioned stabilizing agent and an oxygen ion disappearance agent 
is characterized by five-mol % - 30-mol the thing which it is the value of the range it is [ range ] %, or a 
claim 5 they are, and a single-crystal-silicon base. 

[Claim 7] The composite-construction object of a stabilized-zirconia thin film given in any of the claim 
1 to which this stabilized-zirconia thin film is characterized by being the single crystal film which is 
carrying out hetero-epitaxial growth at this single-crystal-silicon semiconductor base in the composite- 
construction object which grew up the stabilized-zirconia thin film to be a single-crystal-silicon 
semiconductor base, or a claim 6 they are, and a single-crystal-silicon base. 

[Claim 8] How to manufacture the composite-construction object of a stabilized-zirconia thin film given 
in any of the aforementioned claim 1 characterized by providing the following, or a claim 7 they are, and 
a single-crystal-silicon base. The process which removes and washes the natural oxidation film of the 
front face of this single-crystal-silicon semiconductor base. The process which equips a vacuum 
deposition tub with the base after this washing promptly, without making a natural oxidation film 
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generate, and is exhausted to 1 0-8 or less Torrs, and the process which forms a stabilized-zirconia thin 
film on this single-crystal-silicon substrate by the one membrane formation method chosen in this 
vacuum deposition tub from the electron-beam-evaporation method, the ion beam sputtering method, 
and the laser ablation method. 

[Claim 9] The manufacture method of a composite-construction object according to claim 8 that it is 
characterized by what is done for pressurization plastic surgery at the shape of a disk after the vacuum 
evaporationo target used by the describing [ above ] electron-beam-evaporation method, the ion beam 
sputtering method, and the laser ablation method mixes each powder of the aforementioned stabilizing 
agent, an oxygen ion hole disappearance agent, and a zirconia at a rate to predetermined. 
[Claim 10] It is the manufacture method of the composite-construction object according to claim 8 or 9 
characterized by forming membranes in a high vacuum, introducing oxygen or the oxygen containing 
ozone into a vacuum evaporationo tub from the exterior in the place where thickness amounted to 3nm 
in general, and forming membranes succeedingly the early stages of vacuum evaporationo in the 
formation process of the stabilized-zirconia thin film by each aforementioned membrane formation 
method. 

[Claim 1 1] How to manufacture the composite-construction object of a stabilized-zirconia thin film 
given in any of the aforementioned claim 1 characterized by providing the following, or a claim 7 they 
are, and a single-crystal-silicon base. The process which removes and washes the natural oxidation film 
of the front face of this single-crystal-silicon semiconductor base. The process which equips a reactor 
with the base after this washing promptly, without making a natural oxidation film generate, and is 
exhausted to 10-6 or less Torrs, and the process which forms a stabilized-zirconia thin film on this 
single-crystal-silicon substrate by the chemical-vapor-deposition method in this reactor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to good stabilized-zirconia thin 
film / single-crystal-silicon composite-construction object without an ion drift, and its manufacture 
method. 
[0002] 

[Description of the Prior Art] Zirconia: Since the melting point has the insulation which was equipped 
with 2700 degrees C and the strong corrosion resistance [ as opposed to / it is high and / being 
mechanically tough not only but chemicals ], and was excellent, and the high dielectric constant, as for 
Zr02, it is applied in various industrial fields. Although it is known by the pure zirconia from three 
kinds of polymorphisms, i.e., an elevated temperature, that there are a cubic, a tetragonal phase, and 
monoclinic system, since a phase transition is carried out to the low crystal system of symmetric 
property by the fall of temperature, a cubic useful single crystal is not obtained in ordinary temperature 
on application. However, if divalent and a trivalent metallic oxide are made to dissolve to this, a crystal 
is stabilized and the cubic region which is a parent phase can be lowered to near a room temperature. 
The zirconia of such cubic system is made to name a "stabilized zirconia" generically below. 
[0003] Yttria-stabilized-zirconiarYSZ (Yttria-Stabilized Zirconia) stabilized by yttria:Y203 as a 
stabilized zirconia, and Samaria: The Samaria stabilized zirconia (SSZ) stabilized by Sm 203 or the 
calcium stabilized zirconia (CSZ) stabilized with the calcium oxide is reported. 
[0004] Moreover, making it grow epitaxially to up to an c-Si substrate by the internal and external 
researcher in recent years was studied from lattice constant a0=0.51-0.52nm of a stabilized zirconia 
being close to lattice constant a0=0.54nm of single-crystal-silicon (cubic)x-Si, and it has already 
succeeded with membrane formation meanses, such as an electron-beam-evaporation method, the ion 
beam sputtering method, and the laser ablation method. If an example is given, the purport that it 
succeeded in generating the YSZ epitaxial film which carried out c axis orientation to Si (100) substrate 
by the electron-beam-evaporation method is reported to ""Japanese Journal of Applied Physics, such as 
Fukumoto, "27, 1988, andL1404." 

[0005] Generally, since it is easy to carry out counter diffusion and is easy to generate amorphous Si02 
on a front face comparatively easily [ in an oxidizing atmosphere ], it is not easy Si other materials, solid 
phase reaction, or to carry out hetero-epitaxial growth. Therefore, the research result in which a 
stabilized zirconia can be grown epitaxially on Si was very useful to exploitation of new Si 
semiconductor technology. 

[0006] moreover, a stabilized zirconia and other groups of a certain — it is the fact which should be 
especially mentioned in a crystallography-relation with a crystal that one half of the length (-0.36nm) or 
a axial lengths of <1 10> axial lengths of a stabilized zirconia are almost equal to a of the following 
cubics or tetragonal crystallines, and b axial length here — a group — a crystalline — ** platinum [ :P ] t 
(a0=0.39nm) and iridium: - metals, such as Ir (a0=0.38nm), - ** Lead titanate :P bTi03 (a0=0.39nm) 
and titanium lead zirconate :P Tetragonal perovskite ferroelectrics, such as b (ZrxTi l-x)03 (abbreviated 
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names PZT and a 0 = about 0.39nm), ** Yttrium-oxide barium copper : they are semiconductors, such 
as dielectrics (usual state), such as tetragonal high-temperature superconductors, such as YBa3Cu 307-x 
(abbreviated name YBCO), **SrTi03, and BaF2, **Si, and germanium, etc. 

[0007] The above-mentioned fact has suggested possibility that such various material can be grown 
epitaxially, on a stabilized-zirconia single crystal substrate. On the single crystal (100) YSZ substrate, 
YBa3Cu 307-x (for example, G.A.Samara, Journal of AppliedPhysics, 68, 1990, 4214.) of c axis 
orientation and the epitaxial film of Si (for example, H.M.Masasevit et al., Journalof the 
Electrochemical Society, 130, 1983, 1752.) are actually obtained. Moreover, the artificer of this 
application has succeeded in obtaining Pb(ZrxTi 1-x) 03 film which grew epitaxially on the single 
crystal YSZ (100) substrate or the single crystal SSZ (100) substrate, and Pt film (both c axis 
orientation) in the recent experiment. 

[0008] Moreover, that various films like the aforementioned **-** can be grown epitaxially to a single 
crystal stabilized-zirconia substrate means that the film of ** - ** can be grown epitaxially also on a 
single crystal stabilized-zirconia film. In this way, it became possible to carry out epitaxial formation of 
the various single crystal thin film materials on a single crystal Si substrate through an oxide epitaxial 
film called a stabilized zirconia. 

[0009] The field of the functional integrated circuit explained below is observing this new technology 
most now. In recent years, the attempt highly motivated which is going to carry high-performance 
material, such as a ferroelectric thin film, a high-temperature superconductor thin film, and a 
semiconductor thin film, in Si semiconductor integrated circuit substrate has come to be performed 
actively. This has the intention of realization of the functional high integrated circuit having high-speed 
data processing of the special function which cannot be attained, and Si integrated circuit of added value 
in old circuitry, such as a polarization reversal property, pyroelectricity, piezoelectric, superconductivity 
nature, and light and an elevated-temperature semiconductor property. 

[0010] A functional thin film shows the above interesting physical properties, when it becomes a 
crystalline in many cases. Therefore, in the functional integrated circuit, in order are the most efficient 
and to use the performance for high sensitivity most, technology which generates the film made to 
single-crystal-ize is desired strongly. Moreover, in a ferroelectric, since the polarization reversal 
property, pyroelectricity, and piezoelectric show a crystal anisotropy strongly, the device which carries 
out orientation is also required for the specific direction in which a property appears. Generally, it is 
difficult to generate a single crystal film to an amorphous base or a polycrystal base. In order to solve 
this problem, the base of the crystal structure (or lattice constant) of the single crystal film which is 
going to grow, and the similar crystal structure is used, and the method of carrying out hetero-epitaxial 
growth on this is learned. In order to apply this method by the functional integrated circuit, a part of Si 
substrate which is the only single crystal object is exposed, and a functional device is built by making 
this into a base. 

[001 1] Although the structure of a functional device is various, there are many applications and vital 
structures are the things of the structure which formed a functional thin film and other films in Si base 
(information-separator structure) in which the insulator layer (I) was formed practically. For example, 
the MFIS type replaced with the laminating thin film object which contains much more ferroelectric film 
(F= functionality thin film) at least on the T' section of a (Metal M)-(insulator layer ^-semiconductor 
(S) transistor or MFMIS type non- volatile memory, a pyroelectric sensor, a piezo-electric sensor, etc. are 
the good example. Moreover, the (high-temperature superconductor F) wiring integrated circuit which 
aimed at the low power and the high-speed operation is another example. High-temperature 
superconductor wiring is arranged on an insulating body membrane / Si substrate (information-separator 
structure) except for the contact section here. In addition, the so-called SOI type MOS device which 
carried out single crystal semiconductor film (F=S) formation through the insulating body membrane on 
the single crystal Si substrate will also be added to an example. This device is very important when 
realizing the integrated circuit of high speed, quantity accumulation, and quantity radiation resistance, 
and the structure is MOF(=S) information separator. Thus, information-separator composite- 
construction object is one of the basic structures for building a functional thin film and a functional 
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device on Si integrated-circuit substrate. 

[0012] In order to build the functional device which contains the functional thin film of a single crystal 
in this information-separator structure base, it is necessary to transmit the crystallinity of Si substrate by 
the hetero epitaxy to the functional thin film formed in the upper part. For that, I layers at least need to 
be the insulator layers grown epitaxially. Since the aforementioned stabilized-zirconia film (even inside 
YSZ film) is what fills the above functions, it attracts attention. 

[0013] As mentioned above, since the stabilized zirconia / c-Si composite-construction object is 
equipped with the requirements as a base for realizing a functional integrated circuit etc., it is very 
useful. However, in order to actually use this, you have to solve the "ion drift" problem explained in 
detail below. 

[0014] Drawing 5 is the property view showing the result which measured the C-V property of the MIS 
capacity which consists of aluminum electrode layer / a single crystal stabilized-zirconia film / c-Si 
about various trace speeds SR (=l-0.001v/second). The property of drawing 5 is the result of 
maintaining voltage for 30 minutes again, reversing a sweep direction after that, and carrying out a 
pressure up towards 5V, when it carried out in the pressure- lowering direction at the step of 0.1 V and - 
5V were reached, after maintaining the sweep of gate bias voltage for 30 minutes to 5V. In addition, a 
test frequency is a 1MHz sine wave. 

[0015] It turns out that the hysteresis of the circumference of a clock has arisen in the property of the 
pressure-lowering direction, and the property of the direction of a pressure up in the result of drawing 5 . 
It is shown that the ion which can move by electric field into a single crystal stabilized-zirconia film 
exists, and this is carrying out the drift of this hysteresis. In addition, an SR>lv/second C-V property 
(illustration abbreviation) does not change with SR=lv/second it. Moreover, since the hysteresis has 
disappeared less than [ an SR=0.005v/second ], it is understood that the response of a movable ion is 
distributed over the range for several second - number 100 seconds. Hereafter, the amount degree [ of 
ion drift ]:deltaV [V] Becoming is defined as a standard which measures the grade of the ion drift of a 
composite-construction object. deltaV is the maximum width of the hysteresis observed in a C-V 
property like drawing 5 which SR was changed and was acquired. 

[0016] According to the latest zirconia research, it is known that such an ion drift will happen when the 
oxygen ion hole produced inevitably is induced external electric field by introduction of a stabilizing 
agent and moves into a zirconia crystal by it. If this is explained in detail to a slight degree, in order that 
metal ion A2+ divalent [ of a stabilizing agent ] or trivalent and A3+ may replace by the tetravalent Zr4+ 
ion of Zr02 crystal, may go into a cation grid position and may maintain electrical neutrality, by 
stabilized-zirconia:ASZ (A is the metallic element of a stabilizing agent), oxygen ion hole:Vo will be 
formed according to the valence of ion replaced by the addition. When the generation reaction of such a 
lattice defect is expressed about YSZ and CSZ, it comes to be shown in the following (** 1) formula. 
[0017] 
[Formula 1] 

ZrO* ++ ■ 

YSZ: Y a 0 3 — 2Y(Zr) + Vo+30o — (ft 1 ) 

ZrOs — ++ 
CSZ: CaO Ca(7.r) fVo+Oo — (ffc2) 

[0018] however, calcium which replaced Y replaced by Y(Zr):Zr by display calcium(Zr):Zr — the 
display "+":positive number of effective charge — as the Ming kana from the "-"rnegative number of 
effective charge above-mentioned (** 1) formula If a trivalent metal ion like Y replaces two tetravalent 
Zr ion, one oxygen ion hole will be generated, and if a divalent metal ion like calcium replaces one Zr 
ion, one oxygen ion hole will be generated. If electric field are impressed, this oxygen ion hole will be 
served like a positive movable ion, and will move in the direction of electric field. 
[0019] Drawing 6 (a) - (c) is drawing on which the cubic CSZ stabilized-zirconia single crystal was 
drawn in two-dimensional ** type view. In this, "**" expresses the oxygen ion hole. If right electric- 
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field:E is now impressed toward a top from under space, it sees from an oxygen ion hole and the 
maximum contiguity oxygen ion of the electric-field lower part can move towards a hole. If it actually 
moves, as shown in (b), an oxygen ion hole will move to the position of the oxygen ion which existed 
origin/Toward the hole from which it moved to the new position, the maximum contiguity oxygen ion 
which exists poor moves again, as shown in (c). Thus, an oxygen ion hole moves in the direction of 
electric field. When there are electric field, the oxygen ion by which it was electrified moves to electric 
field and an opposite direction through a hole, and the hole by which it was electrified drifts toward the 
direction of electric field relatively. This is an ion drift. 
[0020] 

[Problem(s) to be Solved by the Invention] Since such an ion drift (existence and ******) of a 
stabilized-zirconia film made instability the surface potential of Si semiconductor substrate which is 
downward, and the property of the functional device formed in the upper part over the long time (0.1 
seconds - 1000 seconds), it is very detrimental and had become the big hindrance of realization of the 
functional integrated circuit which made the base the single crystal stabilized-zirconia film / c-Si 
composite-construction object. 

[0021] this invention aims at offering the single crystal stabilized-zirconia film / c-Si composite- 
construction object which was made in order to solve the trouble of such conventional technology, and 
does not have an ion drift, and its manufacture method. 

[0022] . . . . 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, m this invention, it 
constitutes so that it may indicate to a claim. That is, in invention according to claim 1, it is made the 
composition which arranges the single crystal stabilized zirconia of the new composition containing the 
oxide (a hole disappearance agent is called hereafter) of the metal which has a valence higher than Zr on 
c-Si as structure of a composite-construction object. Moreover, invention according to claim 2 to 7 
shows the example of composition of each component of a claim 1. 

[0023] Moreover, a claim 8 - a claim 1 1 are the examples of the manufacture method of the above- 
mentioned composite-construction object, and after they remove the natural oxidation film of Si 
semiconductor base front face, they form a stabilized-zirconia thin film on this by the electron-beam- 
evaporation method or ion beam sputtering, the laser ablation method, and the chemical vapor growth. 
[0024] In the stabilized-zirconia film / c-Si composite-construction object of this invention, the oxygen 
ion hole disappearance agent newly added to a stabilized zirconia carries out the operation which 
removes the oxygen ion hole of a stabilized-zirconia film. Therefore, since the ion hole which should 
carry out a drift is lost out of a stabilized-zirconia crystalline, this invention can solve the ion drift 
problem which was the trouble of the conventional technology. Furthermore, still, even if a stabilized- 
zirconia film adds a hole disappearance agent, since the crystal structure row quality of cubic system is 
maintained, the function as a base for epitaxial film formation of the various material containing high- 
performance material is not spoiled at all. 
[0025] 

[Effect of the Invention] The outstanding effect that an oxygen ion hole is removed from a stabilized- 
zirconia thin film, and the ion drift problem solving of it can carry out by it is acquired by having 
considered as the composition which carries out the equivalent content of the stabilizing agent which 
becomes a single-crystal-silicon semiconductor base from the oxide of a low valence metal rather than 
tetravalence in the composite-construction object which grew the cubic stabilized-zirconia thin film at a 
stabilized-zirconia thin film, and the oxygen ion hole disappearance agent which consist of an oxide of a 
valence metal higher than tetravalence according to this invention. 

[0026] Moreover, in the method using the electron-beam-evaporation equipment indicated in the gestalt 
(example 3) of operation of the 1st of the manufacture method, since the stabilized zirconia is formed by 
the cheap membrane formation means of electron-beam-evaporation equipment, compared with other 
forming-membranes methods, there is an advantage that a composite-construction object can be 
manufactured by the low price. 

[0027] Moreover, since the method indicated in the gestalt (example 4) of operation of the 2nd of the 
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manufacture method can be formed at the low temperature of 450 degrees C as compared with other 
examples, when the material and structure of non-thermal resistance are formed in Si base before 
membrane formation, it has the feature of being very effective. 

[0028] Moreover, since the method indicated in the form (example 5) of operation of the 3rd of the 
manufacture method is equipped with the special feature that composition of the metallic element of a 
stabilized-zirconia film becomes equal to composition of the metallic element of a target, it can use the 
optimum conditions acquired with a certain laser ablation membrane formation equipment as a thing of 
other laser ablation membrane formation equipments. In case this starts the large-scale membrane 
formation equipment for production, it demonstrates the usefulness that the time which optimization 
takes can be saved. 

[0029] Moreover, as for the gestalt (example 6) of operation of the 4th of the manufacture method, Si 
single crystal base with detailed irregularity also has the outstanding feature that the high stabilized- 
zirconia film of covering nature can be offered. 
[0030] 

[Embodiments of the Invention] Hereafter, the example of the manufacture method of the composition 
of the composite-construction object of the stabilized-zirconia thin film and base concerning this 
invention and this composition is explained in detail using drawing. In addition, in the following 
drawings, all the objects of the same number are the same objects, and the object explained to the detail 
at once will be stopped for explaining briefly in next drawing. 

[0031] (1) Gestalt of operation of the 1st of a composite-construction object <Example 1> drawing 1 is 
the ** type view-important section cross section showing the gestalt of operation of the 1st of the 
composite-construction object concerning this invention. In drawing 1 , 1 is a single crystal Si (100) 
substrate. 2 is a cubic epitaxial stabilized-zirconia thin film, and the stabilizing agent which consists of 
trivalent metallic-oxide Y203, Sm203, or these mixture, and the pentavalent metallic oxide Ta 205, 
Nb205, V205 or the hole disappearance agent that consists of these mixture is added in this. The 
concentration of a stabilizing agent and a hole disappearance agent is equal in general, and is between 
five-mol% - 25-mol%. A stabilizing agent and a hole disappearance agent are added on that spot at the 
time of epitaxial growth. Although epitaxial membrane formation of this cubic epitaxial stabilized- 
zirconia thin film 2 is carried out by one method chosen as arbitration from the electron-beam- 
evaporation method, the ion beam sputtering method, the laser ablation method, and the chemical-vapor- 
deposition method, detailed explanation of the forming-membranes method is given in the example of 
the below-mentioned manufacture method. 

[0032] (2) Form of operation of the 2nd of a composite-construction object <Example 2> drawing 2 is 
the ** type view-important section cross section showing the form of operation of the 2nd of the 
composite-construction object concerning this invention. In drawing 2 , 1 is a single crystal Si (100) 
substrate. 2' is a cubic epitaxial stabilized-zirconia thin film, and the stabilizing agent which consists of a 
divalent metallic oxide CaO, and the hole disappearance agent which consists of a metallic oxide W03 
of 6 ** or Mo03 are added in this. The concentration of a stabilizing agent and a hole disappearance 
agent is equal in general, and is between eight-mol% - 30-mol%. A stabilizing agent and a hole 
disappearance agent are added on that spot at the time of epitaxial growth. Although epitaxial membrane 
formation of it is carried out by law while cubic epitaxial stabilized-zirconia thin film 2' was chosen 
from the electron-beam-evaporation method, the ion beam sputtering method, the laser ablation method, 
and the chemical-vapor-deposition method, detailed explanation of the forming-membranes method is 
given in the example of the below-mentioned manufacture method. 

[0033] (3) Form of implementation of the 1st of the manufacture method of a composite-construction 
object <Example 3> ITie manufacture method of realizing complex structure indicated to drawing 1 here 
by the electron-beam-evaporation method is explained. First, the surface contamination and surface 
natural oxidation object of the Si substrate 1 are removed by RCA washing (traditional Si substrate 
cleaning method which consists of washing SC 2 by the mixed liquor of washing SC 1 and the 
hydrochloric acid by the mixed liquor of aqueous ammonia and hydrogen peroxide solution, and 
hydrogen peroxide solution), and rare fluoric acid washing (cleaning method which carries out a rinse 
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and which is dried with pure water after being immersed in HF solution of concentration for dozens 
seconds 5%). 

[0034] The stabilized-zirconia film 2 (it outlines like YSZ:Ta below) by which continued, and was 
stabilized by yttrium-oxide Y203 on the Si substrate 1, and hole disappearance was carried out by 
tantalum oxide Ta 205 is formed by the electron-beam-evaporation method. The target of vacuum 
evaporationo is the tablet which mixed 20Y3 powder, Zr02 powder, and 20Ta5 powder to x:(l-x-y):y 
by the mole ratio, and was orthopedically operated with the hotpress in the shape of a disk (the diameter 
of 15mm, thickness of 7mm). They are x = about 9% and y = about 15% here. The mol concentration of 
Ta 205 of a tablet is relatively based on the situation that large one has slow evaporation of Ta 205 
compared with Y203 or Zr02 compared with Y203 . 

[0035] If the procedure of membrane formation is explained, first, Haas (= tablet restoration place) will 
be filled up with a tablet, the Si substrate 1 which carried out [ above-mentioned ] washing will be 
immediately installed in the substrate electrode holder in a vacuum evaporationo tub, and the inside of a 
vacuum evaporationo tub will be exhausted. This electrode holder has the capacity to heat a substrate to 
the temperature from ordinary temperature to 1000 degrees C, kept sufficient distance from from 
[ which was contained by Haas in a vacuum evaporationo tub / vacuum evaporationo ], and has opposed. 
Exhaust air of vacuum evaporationo equipment is powerful, and an internal pressure can be 
decompressed to 10-9 or less Torrs. If the pressure of a vacuum evaporationo tub reaches 10~6Torr, 
substrate temperature will be heated and it will be made predetermined membrane formation 
temperature. Turn on the output of a vacuum evaporationo power supply in the place where temperature 
was stabilized at and the pressure in a vacuum evaporationo tub fell in 10-9 or less Torrs, an electron 
beam is made bombardment [ a tablet ], and vacuum evaporationo is started. After a vacuum 
evaporationo start, while introducing high grade dryness oxygen from the exterior in the place where the 
thickness of YSZ became 3nm in general and adjusting a pressure to 2xlO~6Torr, the filament current is 
increased and membrane formation is continued. Thickness determines membrane formation time and 
membrane formation speed by the filament current. 

[0036] The membrane formation conditions of typical epitaxial YSZ:Ta are as follows. 

YSZ membrane formation conditions Membrane formation pressure lxl0~8Torr (up to 3nm of 

thickness) 

2xlO~6Torr (from 3nm of thickness to 02 introduction) 

Membrane formation temperature 800 degrees C (substrate temperature) 

Target Y203:Zr02:Ta205=9:81:8 Injection power 200W Filament current 20mA (first stage) 

50mA (from 3nm of thickness) 

Electron beam acceleration voltage 8kV forms membranes as mentioned above, the output of a vacuum 
evaporationo power supply is cut in the place where thickness became a desired value, and membrane 
formation is finished. Then, a substrate is annealed to a vacuum evaporationo tub with substrate ******, 
and after substrate temperature becomes sufficiently low, a substrate is taken out from a vacuum 
evaporationo tub. 

[0037] Thus, the deposited concentration of the stabilizing agent of a YSZ:Ta film and a hole 
disappearance agent was this concentration (=11%) within the limits of experiment precision. Moreover, 
the membranous crystal structure was a single crystal epitaxial film which has fluorite structure (cubic) 
(the term of the effect mentioned later for details explains). Since this manufacture method is based on 
the extremely common cheap membrane formation means of electron-beam-evaporation equipment, it 
has the advantage that epitaxial YSZ membrane formation of a large area can be performed in a low 
price, compared with other forming-membranes methods mentioned later. Moreover, the structure of the 
form (example 2) of operation of the 2nd of a composite-construction object is also realizable using the 
above-mentioned manufacture method (however, conditions differ a little). 

[0038] (4) Form of implementation of the 2nd of the manufacture method of a composite-construction 
object <Example 4> The manufacture method of realizing the composite construction indicated to 
drawing 2 here by the ion beam sputtering method is explained. First, the surface contamination and 
surface natural oxidation object of the Si substrate 1 are removed by RCA washing and rare fluoric acid 
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washing like the aforementioned example 3. 

[0039] Stabilized-zirconia film 2' (following CSZ:W) which it continues [' ], stabilizes [' ] with a 
calcium oxide CaO on the Si substrate 1, and made the oxygen ion hole disappearance-ize by the 
oxidization tag stainless steel W03 is formed in the Si substrate 1 by the ion beam sputtering method. 
The target of sputtering mixes CaO powder, Zr02 powder, and W03 powder to x:(l-x-y):y by the mole 
ratio, and operates them orthopedically in the shape of a disk with a hotpress. They are x = about 11% 
and y = about 1 1% here. 

[0040] If the procedure of membrane formation is explained, first, a target will be installed in a target 
electrode holder, the Si substrate 1 immediately after the aforementioned washing will be installed in the 
substrate electrode holder in a vacuum evaporationo tub, and the inside of a vacuum evaporationo tub 
will be exhausted. This electrode holder has the capacity to heat a substrate to the temperature from 
ordinary temperature to 600 degrees C, and has opposed on both sides of about 60cm distance from the 
target. Exhaust air of vacuum evaporationo equipment is powerful, and an internal pressure can be 
decompressed to 10-9 or less Torrs. If the pressure of a vacuum evaporationo tub reaches 10~6Torr, 
substrate temperature will be heated and it will be made predetermined membrane formation 
temperature. Turn ON the output of the power supply of the ion source in the place where temperature 
was stabilized at and the pressure in a vacuum evaporationo tub fell in 10-9 or less Torrs, an ion beam is 
made bombardment [ a tablet ], and vacuum evaporationo is started. Although the high vacuum of a 
10~8Torr base is maintained at least and membranes are formed until the thickness of CSZ is set to 3nm, 
the high grade oxygen containing ten-mol % of ozone is turned to a substrate, and is made to inject from 
the exterior after a vacuum evaporationo start in the place exceeding 3nm. Henceforth, a pressure is 
adjusted to 5xl0~6Torr. And ion beam current is increased and membrane formation is continued. 
Thickness adjusts membrane formation time and membrane formation speed by ion beam current or ion 
beam acceleration voltage. 

[0041] The optimal membrane formation conditions in the equipment which this invention person used 
are as follows. 

CSZ:W membrane formation conditions Membrane formation pressure 1x10-7 or less (up to 3nm of 
thickness) Torrs 

5xlO~6Torr [02+03 (ten-mol%) introduction from 3nm of thickness] 
Membrane formation temperature 450 degrees C (substrate temperature) 

Target CaO:Zr02:WO 3= 1 1 :80:9 Ion kind Xe Ion source voltage 1500V Ion current 9mA (up to 3nm of 
thickness) 

14mA (from 3nm of thickness) 

Membranes are formed as mentioned above, the output of a vacuum evaporationo power supply is cut in 
the place where thickness became a desired value, introduction of 02+03 is intercepted, and a substrate 
is annealed. After substrate temperature becomes sufficiently low, a substrate is taken out from a 
vacuum evaporationo tub. 

[0042] Thus, the deposited concentration of the stabilizing agent of a CSZ:W film and a hole 
disappearance agent was this concentration (=15%) within the limits of experiment precision. Moreover, 
the membranous crystal structure was a single crystal epitaxial film which has fluorite structure (cubic) 
(the term of the effect mentioned later for details explains). The manufacture method of this example 4 
can be formed at the low temperature of 450 degrees C as compared with the manufacture method of the 
aforementioned example 3, or the below-mentioned example. This is the advantage which is not in other 
very effective manufacture methods, when another material which cannot bear high temperature is 
formed in Si base. In addition, although detailed explanation is not given, the structure of the composite- 
construction object shown in the gestalt (example 1) of the 1st operation is also realizable using this 
manufacture method (however, conditions differ a little). 

[0043] (5) Gestalt of implementation of the 3rd of the manufacture method of a composite-construction 
object <Example 5> The example of the manufacture method of realizing the composite construction 
indicated to drawing 1 below by the laser ablation method is explained. First, the surface contamination 
and surface natural oxidation object of the Si substrate 1 are removed by RCA washing and rare fluoric 
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acid washing like the manufacture method of the aforementioned example 1 . 

[0044] The stabilized-zirconia film 2 (following SSZ:Nb) which you continued [ film ], made it stabilize 
by samarium-oxide Sm 203 (Samaria) on the Si substrate 1, and made the oxygen ion hole 
disappearance-ize by the oxidization niobium Nb 205 is formed in the Si substrate 1 by the laser 
ablation method, a target mixes 20Sm3 powder, Zr02 powder, and 20Nb5 powder (it is ~ also rubbing 
— 99.999% or more of purity) to x:(l-x-y):y by the mole ratio, and operates them orthopedically with a 
hotpress in the shape of a disk (10mm in the diameter of 10mm, thickness) They are x = about 18% and 
y = about 18% here. 

[0045] If the procedure of membrane formation is explained, first, a target will be installed in the target 
electrode holder in a membrane formation equipment vacuum tub, the Si substrate 1 immediately after 
the aforementioned washing will be installed in the substrate electrode holder in a vacuum evaporationo 
tub, and the inside of a vacuum evaporationo tub will be exhausted. This electrode holder has the 
capacity to heat a substrate to the temperature from ordinary temperature to 600 degrees C, and has 
opposed on both sides of about 5cm distance from the target. Exhaust air of vacuum evaporationo 
equipment is powerful, and an internal pressure can lower back pressure to 10~9 or less Torrs. If the 
pressure of a vacuum evaporationo tub reaches 10~6Torr, substrate temperature will be heated and it 
will be made predetermined membrane formation temperature. Turn on the output of a laser light source 
in the place where temperature was stabilized at and the pressure in a vacuum evaporationo tub fell in 
10-8 or less Torrs, a high-density laser beam is made bombardment [ a tablet ], and vacuum 
evaporationo is started. The laser light source of this example is a KrF (wavelength [ of 248nm ], 20ns 
of pulse width) excimer laser. Repeat frequency was 10Hz and the energy density was 1.3 J/m3. The 
high vacuum of a 10~8Torr base is maintained at least, and membranes are formed after a vacuum 
evaporationo start until the thickness of SSZ is set to 3nm. And high grade oxygen is introduced from 
the exterior in the place exceeding 3nm, and a pressure is set to 5xlO~5Torr. A standard membrane 
formation speed was 0.025nm per one pulse. Moreover, thickness is adjusted in membrane formation 
time (equivalent to a pulse number). 

[0046] The optimal membrane formation conditions in the equipment which this invention person used 
are as follows. 

SSZ:Nb membrane formation conditions Membrane formation pressure 1x10-7 or less (up to 3nm of 
thickness) Torrs 

5xlO~4Torr (from 3nm of thickness to 02 introduction) 

Membrane formation temperature 775 degrees C (substrate temperature) 

Target Sm203:Zr02:Nb205= 18:64: 18 A target / substrate distance 5cm Laser light source KrF excimer 
laser (energy 130mJ) 

Excitation pulse Membranes are formed as mentioned above the width of face for 20ns, and the repeat 
frequency of 10Hz, dispatch of a laser light source is stopped in the place where thickness became a 
desired value, introduction of 02 is stopped, and a substrate is annealed. After substrate temperature 
becomes sufficiently low, a substrate is taken out from a vacuum evaporationo tub. 
[0047] Thus, both the deposited concentration of the stabilizing agent of a SSZ:Nb film and a hole 
disappearance agent was these concentration (=18%) within the limits of experiment precision. The 
membranous crystal structure was a single crystal epitaxial film which has fluorite structure (cubic). 
Even if composition of the metallic element of the stabilized-zirconia film which formed membranes by 
this manufacture method has change of vacuum evaporationo conditions, it has the feature of becoming 
almost equal to composition of a target. This means that composition of a stabilized-zirconia film is not 
dependent on membrane formation equipment, and becomes settled uniquely in composition of a target. 
In case such a feature is carried out based on the optimum conditions acquired by experiment membrane 
formation and starts large-sized production membrane formation equipment, the effect that the time 
which optimization takes can be shortened has it, and it is useful. In addition, although detailed 
explanation is not given, the structure of the composite-construction object shown in the form (example 
2) of the 2nd operation is also realizable using this manufacture method (however, conditions differ a 
little). 
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[0048] (6) Form of implementation of the 4th of the manufacture method of a composite-construction 
object <Example 6> The example of the manufacture method of realizing the composite construction 
indicated to drawing 1 below by the chemical-vapor-deposition method (CVD) is explained. First, the 
surface contamination and surface natural oxidation object of the Si substrate 1 are removed by RCA 
washing and rare fluoric acid washing like the manufacture method of the aforementioned example 3. 
[0049] The stabilized-zirconia film 2 (following YSZ:Ta) which you continued [ film ], made it stabilize 
by samarium-oxide Y203 (yttria) on the Si substrate 1 , and extinguished the oxygen ion hole by 
tantalum oxide Ta 205 is formed in the Si substrate 1 by reduced pressure CVD. a raw material — 
yttrium TORIDI pivaloyl methane: — it is Y(DPM) 3, zirconium tetrapod day pivaloyl methane :Zr 
(DPM)4, tantalum PENTA ethoxide:Ta (OC2H5)5, and 02 Here, DPM means CI 1H1902. 
[0050] Whenever the equipment to be used is shown in drawing 3 , it comes, and it is a traditional cold- 
wall type low pressure CVD system. Since the structure and operation information of equipment are 
complicated compared with the physical vacuum evaporationo equipment shown in the aforementioned 
examples 3-5, this equipment is explained in detail using drawing 3 . In drawing 3 , 10 is a reactor. The 
reactor 10 is equipped with the susceptor 12 which supports the single crystal Si substrate 1 1 
mechanically, and is held to predetermined temperature, the shower head 13 which the steam which was 
made to mix a steam and was mixed is turned [ shower head ] to a susceptor 12, and makes it inject 
uniformly, and the exhaust port 14 of the generation gas produced at the deposition reaction, or a 
superfluous raw material steam. 15, 16, and 17 are the evaporation containers of Y(DPM)3 raw material, 
Zr(DPM) 4 raw material, and Ta(OC2H5) 5 raw material, respectively, and have the temperature control 
function. Carrier gas by which control of flow was carried out to the evaporation containers 15, 16, and 
17: Ar is introduced, and the evaporated raw material steam is conveyed by this Ar gas, and is led to the 
aforementioned shower head 13. 

[0051] As shown in drawing, 02 by which control of flow was carried out is connected to the shower 
head 13. The duct which connects the shower head 13 to the evaporation containers 15, 16, and 17 is 
kept warm by temperature higher about 10 degrees C than the temperature of each raw material 
evaporation container. Moreover, 18-21 are the supply bulbs of each raw material steam. Generation gas 
and the superfluous raw material steam of a reactor are discharged out of a vessel by evacuation 
equipment 23 via the exhaust air main valve 22. Moreover, 24 is a pressure controller for keeping the 
pressure in a reactor constant during membrane formation. 

[0052] The procedure of membrane formation is as follows. Si single crystal substrate 1 which finished 
the above-mentioned washing is put on a susceptor 12, all the raw material steamy supply bulbs 18-21 
are closed, the exhaust air main valve 22 is opened, and the inside of a reactor 10 is once made into a 
vacuum. While setting the temperature of a susceptor 12 as predetermined substrate temperature, the 
pressure of a reactor 10 is decompressed to 10~6Torr. While continuing and operating a pressure 
controller 24, open the supply bulbs 18-21, each raw material is made to inject from the shower head, 
and membrane formation is started. 

[0053] The typical membrane formation conditions in this example are shown below. 

YSZ:Ta membrane formation conditions Membrane formation pressure 2Torr Membrane formation 

temperature 650 degrees C (substrate temperature) 

A raw material, raw material temperature, a flow rate Y(DPM) 3 140 degrees C 15 seem Zr4 (DPM) 165 
degrees C 17sccm Ta (OC2H5)5 130 degrees C 20sccm 02 200sccm(s) Distance between the shower 
head and a substrate Membranes are formed as mentioned above 3cm, the raw material steamy supply 
bulbs 18-21 are closed in the place where thickness became a desired value, a pressure controller 24 is 
stopped, and a substrate 1 1 is annealed, carrying out evacuation of the reactor 10. After substrate 
temperature becomes sufficiently low, a substrate 1 1 is taken out from a reactor 10. 
[0054] Composition of the YSZ:Ta film with which important one was generated by membrane 
formation, i.e., the concentration of stabilizing-agent Y203 and the hole disappearance agent Ta 205, is 
almost equal, and I hear that the temperature and the flow rate of Y(DPM)3 raw material and Ta 
(OC2H5) 5 raw material are controlled, and it is so that it may enter between predetermined value % of 
five mols -, and 25-mol%. On the above-mentioned conditions, it is confirmed that the concentration of 
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a stabilizing agent and a hole disappearance agent is about 1 1%. 

[0055] Compared with what formed membranes by the aforementioned physical vapor deposition, the 
geometric level difference section in a substrate front face of covering nature is [ the stabilized-zirconia 
film which formed membranes by this manufacture method ] also very good. For example, if an aspect 
ratio (ratio of base length and wall length) forms membranes to the perpendicular slot structure substrate 
of 1 :2, 0.9 or more good coverages (ratio of the thinnest thickness value inside a slot and the thickness 
value on the front face of a substrate) will be obtained. Such a feature is very advantageous when 
forming a stabilized zirconia uniformly to an irregular single crystal Si substrate. In addition, although 
detailed explanation is not given, the structure of the composite-construction object shown in the form 
(example 2) of the 2nd operation is also realizable using this manufacture method (however, conditions 
differ a little). 

[0056] Next, drawing 4 is the manufacture method of the above-mentioned examples 3-6, and is the 
chart showing the property of the composite-construction object produced to Si (100) substrate. All the 
thickness of a stabilized-zirconia film is the same. In drawing 4 , ** shows the crystallinity of a 
stabilized-zirconia film and ** shows degree of ion drift ideltaV [V] extracted from the RF C-V property 
(HIRUTERISHISU) of MIS capacity. In addition, the measuring method of a C-V property is explained 
in the term of the conventional technology of point **. Moreover, the property of the composite- 
construction object based on the conventional technology explained using drawing 5 was also 
collectively shown for comparison. 

[0057] As shown in drawing 4 , all examples are cubic system and the crystal system of the stabilized 
zirconia of the composite-construction object concerning this invention is carrying out c axis orientation 
completely. And a lattice constant is almost equal to it of the stabilized zirconia of the conventional 
example. Moreover, each crystal relation with a single crystal Si (100) substrate is Si(001) ||XSZ:Y 
(001) and Si[l 10] ||XSZ:Y [110]. However, || means parallel. Moreover, XSZ:Y expresses the arbitrary 
stabilized-zirconia films by the manufacture method of examples 3-6. 

[0058] From the above crystallography-fact, all the stabilized-zirconia films formed by the manufacture 
method of examples 3-6 are growing epitaxially to the single crystal Si substrate, and it turns out that it 
is the film which is not inferiority in any way compared with the stabilized-zirconia film with which the 
conventional technology depends membranous crystal quality. 

[0059] Next, in the conventional example, when deltaV of the MIS capacity which is the standard of an 
ion drift was observed, as it is greatly large and was already described as deltaV>5V, it had become a 
serious obstacle on device application. On the other hand, all of 2 or more figures of each example of 
drawing 4 are suppressed with delta V<0.05V. The concentration of the movable oxygen ion estimated 
from this deltaV serves as Nm=2.9xl010-/cm2, and decreasing to two 1010-/cm permitted as 
concentration of the movable ions (sodium etc.) of the gate oxide film of an MOS IC is understood. 
[0060] In this way, in the composite-construction object of an example 1 and an example 2, and the 
manufacture method of an example 3 - an example 6, the ion drift problem caused by the oxygen ion 
hole which was the trouble of the conventional technology is solvable, maintaining the crystallinity of a 
stabilized-zirconia film with high quality. 

[0061] Next, it explains by what mechanism this invention solved the ion drift problem. An ion drift is 
caused when the oxygen ion hole of a stabilized zirconia moves by electric field, the oxygen ion hole 
was made because it was replaced by the metal ion which is trivalent [ by which tetravalent Zr ion of a 
zirconia is contained in a stabilizing agent / divalent or trivalent ] and it had to satisfy electrical 
neutrality conditions at this time, as the term of explanation of the conventional technology described 
However, electrical neutrality conditions can be satisfied to this invention, without producing an oxygen 
ion hole, since the oxygen ion hole disappearance agent which contains the metal ion of pentavalence or 
6 ** simultaneously with addition of a stabilizing agent is added. For example, in the example (the 
manufacture method of the structure of an example 1, and an example 3) of YSZ:Ta, when the situation 
of addition is expressed with a chemical formula, it comes to be shown in the following (** 3) formula. 
[0062] 
[Formula 3] 
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YSZ:Ta Y,Oa -* 2Y(2r) +Vo+30o 

- (ft 3) 

Zr0 2 + v 

Ta 2 O a -* 2Ta(Zr) +Io+40o 

[0063] (** 3) if a lower formula adds one mol of Ta 205 in a formula - the superfluous oxygen ion Io 

between one-mol grids — although it means that — is formed, since this oxygen ion between grids and 

hole Vo++ of Y203 offset each other and suit by equivalent addition, as the whole, it comes to be 

shown in the following (** 4) formula, and a hole is extinguished 

[0064] 

[Formula 4] 
Y S Z : T a 

Zr0 2 + 
Y 2 0 3 + Ta a 0 5 — 2Y(Zr) + 2Ta(Zr) +8O0 



- (ft 4) 

[0065] Similarly it becomes as [ show / on the whole / in CSZrW / in the following (** 5) formula ], and 
an oxygen ion hole is not produced. 
[0066] 
[Formula 5] 

L Zr0 a — ++ 

CSZrW CaO + W0 3 -» Ca(Zr) +W(Zr) +4 0o 



- (ft 5 ) 

[0067] Thus, in this invention, since the oxygen ion hole as a movable charge carrier does not exist in a 
stabilized- zirconia film, even if electric field are impressed to a composite-construction object, an ion 
drift does not happen, but, therefore, this problem can be solved. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Zirconia: Since the melting point has the insulation which was equipped 
with 2700 degrees C and the strong corrosion resistance [ as opposed to / it is high and / being 
mechanically tough not only but chemicals ], and was excellent, and the high dielectric constant, as for 
Zr02, it is applied in various industrial fields. Although it is known by the pure zirconia from three 
kinds of polymorphisms, i.e., an elevated temperature, that there are a cubic, a tetragonal phase, and 
monoclinic system, since a phase transition is carried out to the low crystal system of symmetric 
property by the fall of temperature, a cubic useful single crystal is not obtained in ordinary temperature 
on application. However, if divalent and a trivalent metallic oxide are made to dissolve to this, a crystal 
is stabilized and the cubic region which is a parent phase can be lowered to near a room temperature. 
The zirconia of such cubic system is made to name a "stabilized zirconia" generically below. 
[0003] Yttria-stabilized-zirconia:YSZ (Yttria-Stabilized Zirconia) stabilized by yttria: Y203 as a 
stabilized zirconia, and Samaria: The Samaria stabilized zirconia (SSZ) stabilized by Sm 203 or the 
calcium stabilized zirconia (CSZ) stabilized with the calcium oxide is reported. 
[0004] Moreover, making it grow epitaxially to up to an c-Si substrate by the internal and external 
researcher in recent years was studied from lattice constant a0=0.51-0.52nm of a stabilized zirconia 
being close to lattice constant a0=0.54nm of single-crystal-silicon (cubic)ic-Si, and it has already 
succeeded with membrane formation meanses, such as an electron-beam-evaporation method, the ion 
beam sputtering method, and the laser ablation method. If an example is given, the purport that it 
succeeded in generating the YSZ epitaxial film which carried out c axis orientation to Si (100) substrate 
by the electron-beam-evaporation method is reported to ""Japanese Journal of Applied Physics, such as 
Fukumoto, "27, 1988, and LI 404." 

[0005] Generally, since it is easy to carry out counter diffusion and is easy to generate amorphous Si02 
on a front face comparatively easily [ in an oxidizing atmosphere ], it is not easy Si other materials, solid 
phase reaction, or to carry out hetero-epitaxial growth. Therefore, the research result in which a 
stabilized zirconia can be grown epitaxially on Si was very useful to exploitation of new Si 
semiconductor technology. 

[0006] moreover, a stabilized zirconia and other groups of a certain — it is the fact which should be 
especially mentioned in a crystallography-relation with a crystal that one half of the length (-0.36nm) or 
a axial lengths of <1 10> axial lengths of a stabilized zirconia are almost equal to a of the following 
cubics or tetragonal crystallines, and b axial length here — a group — a crystalline — ** platinum [ :P ] t 
(a0=0.39nm) and iridium: - metals, such as Ir (a0=0.38nm), - ** Lead titanate :P bTi03 (a0=0.39nm) 
and titanium lead zirconate :P Tetragonal perovskite ferroelectrics, such as b (ZrxTi l-x)03 (abbreviated 
names PZT and a0 = about 0.39nm), ** Yttrium-oxide barium copper : they are semiconductors, such 
as dielectrics (usual state), such as tetragonal high-temperature superconductors, such as YBa3Cu 307-x 
(abbreviated name YBCO), **SrTi03, and BaF2, **Si, and germanium, etc. 

[0007] The above-mentioned fact has suggested possibility that such various material can be grown 
epitaxially, on a stabilized-zirconia single crystal substrate. On the single crystal (100) YSZ substrate, 
YBa3Cu 307-x (for example, G.A.Samara, Journal of AppliedPhysics, 68, 1990, 4214.) of c axis 
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orientation and the epitaxial film of Si (for example, H.M.Masasevit et aL, Journalof the 
Electrochemical Society, 130, 1983, 1752.) are actually obtained. Moreover, the artificer of this 
application has succeeded in obtaining Pb(ZrxTi 1-x) 03 film which grew epitaxially on the single 
crystal YSZ (100) substrate or the single crystal SSZ (100) substrate, and Pt film (both c axis 
orientation) in the recent experiment. 

[0008] Moreover, that various films like the aforementioned **-** can be grown epitaxially to a single 
crystal stabilized-zirconia substrate means that the film of ** - ** can be grown epitaxially also on a 
single crystal stabilized-zirconia film. In this way, it became possible to carry out epitaxial formation of 
the various single crystal thin film materials on a single crystal Si substrate through an oxide epitaxial 
film called a stabilized zirconia. 

[0009] The field of the functional integrated circuit explained below is observing this new technology 
most now. In recent years, the attempt highly motivated which is going to carry high-performance 
material, such as a ferroelectric thin film, a high-temperature superconductor thin film, and a 
semiconductor thin film, in Si semiconductor integrated circuit substrate has come to be performed 
actively. This has the intention of realization of the functional high integrated circuit having high-speed 
data processing of the special function which cannot be attained, and Si integrated circuit of added value 
in old circuitry, such as a polarization reversal property, pyroelectricity, piezoelectric, superconductivity 
nature, and light and an elevated-temperature semiconductor property. 

[0010] A functional thin film shows the above interesting physical properties, when it becomes a 
crystalline in many cases. Therefore, in the functional integrated circuit, in order are the most efficient 
and to use the performance for high sensitivity most, technology which generates the film made to 
single-crystal-ize is desired strongly. Moreover, in a ferroelectric, since the polarization reversal 
property, pyroelectricity, and piezoelectric show a crystal anisotropy strongly, the device which carries 
out orientation is also required for the specific direction in which a property appears. Generally, it is 
difficult to generate a single crystal film to an amorphous base or a polycrystal base. In order to solve 
this problem, the base of the crystal structure (or lattice constant) of the single crystal film which is 
going to grow, and the similar crystal structure is used, and the method of carrying out hetero-epitaxial 
growth on this is learned. In order to apply this method by the functional integrated circuit, a part of Si 
substrate which is the only single crystal object is exposed, and a functional device is built by making 
this into a base. 

[001 1] Although the structure of a functional device is various, there are many applications and vital 
structures are the things of the structure which formed a functional thin film and other films in Si base 
(information-separator structure) in which the insulator layer (I) was formed practically. For example, 
the MFIS type replaced with the laminating thin film object which contains much more ferroelectric film 
(F= functionality thin film) at least on the "I" section of a (Metal M)-(insulator layer I)-semiconductor 
(S) transistor or MFMIS type non-volatile memory, a pyroelectric sensor, a piezo-electric sensor, etc. are 
the good example. Moreover, the (high-temperature superconductor F) wiring integrated circuit which 
aimed at the low power and the high-speed operation is another example. High-temperature 
superconductor wiring is arranged on an insulating body membrane / Si substrate (information-separator 
structure) except for the contact section here. In addition, the so-called SOI type MOS device which 
carried out single crystal semiconductor film (F=S) formation through the insulating body membrane on 
the single crystal Si substrate will also be added to an example. This device is very important when 
realizing the integrated circuit of high speed, quantity accumulation, and quantity radiation resistance, 
and the structure is MOF(=S) information separator. Thus, information-separator composite- 
construction object is one of the basic structures for building a functional thin film and a functional 
device on Si integrated-circuit substrate. 

[0012] In order to build the functional device which contains the functional thin film of a single crystal 
in this information-separator structure base, it is necessary to transmit the crystallinity of Si substrate by 
the hetero epitaxy to the functional thin film formed in the upper part. For that, I layers at least need to 
be the insulator layers grown epitaxially. Since the aforementioned stabilized-zirconia film (even inside 
YSZ film) is what fills the above functions, it attracts attention. 
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[0013] As mentioned above, since the stabilized zirconia / c-Si composite-construction object is 
equipped with the requirements as a base for realizing a functional integrated circuit etc., it is very 
useful. However, in order to actually use this, you have to solve the "ion drift" problem explained in 
detail below. 

[0014] Drawing 5 is the property view showing the result which measured the C-V property of the MIS 
capacity which consists of aluminum electrode layer / a single crystal stabilized-zirconia film / c-Si 
about various trace speeds SR (=1-0.001 v/second). The property of drawing 5 is the result of 
maintaining voltage for 30 minutes again, reversing a sweep direction after that, and carrying out a 
pressure up towards 5V, when it carried out in the pressure-lowering direction at the step of 0.1 V and - 
5 V were reached, after maintaining the sweep of gate bias voltage for 30 minutes to 5 V. In addition, a 
test frequency is a 1MHz sine wave. 

[0015] It turns out that the hysteresis of the circumference of a clock has arisen in the property of the 
pressure-lowering direction, and the property of the direction of a pressure up in the result of drawing 5 . 
It is shown that the ion which can move by electric field into a single crystal stabilized-zirconia film 
exists, and this is carrying out the drift of this hysteresis. In addition, an SR>lv/second C-V property 
(illustration ellipsis) does not change with SR=1 v/second it. Moreover, since the hysteresis has 
disappeared less than [ an SR=0.005 v/second ], it is understood that the response of a movable ion is 
distributed over the range for several second - number 100 seconds. Hereafter, the amount degree [ of 
ion drift ] .delta V [V] Becoming is defined as a standard which measures the grade of the ion drift of a 
composite-construction object. deltaV is the maximum width of the hysteresis observed in a C-V 
property like drawing 5 which SR was changed and was acquired. 

[0016] According to the latest zirconia research, it is known that such an ion drift will happen when the 
oxygen ion hole produced inevitably is induced external electric field by introduction of a stabilizing 
agent and moves into a zirconia crystal by it. If this is explained in detail to a slight degree, in order that 
metal ion A2+ divalent [ of a stabilizing agent ] or trivalent and A3+ may replace by the tetravalent Zr4+ 
ion of Zr02 crystal, may go into a cation grid position and may maintain electrical neutrality, by 
stabilized-zirconia: ASZ (A is the metallic element of a stabilizing agent), oxygen ion hole: Vo will be 
formed according to the valence of ion replaced by the addition. When the generation reaction of such a 
lattice defect is expressed about YSZ and CSZ, it comes to be shown in the following (** 1) formula. 
[0017] 
[Formula 1] 

ZrO* 

YSZ: Y*Oa — 2Y(Zr) +Vo+3 0o - (ft 1 > 

Zr0 a — ++ 
CSZ: CaO ~» Ca(Zr) +V0 + O0 — (It 2 ) 

[0018] however, calcium which replaced Y replaced by Y(Zr):Zr by display calcium(Zr):Zr — the 
display "+":positive number of effective charge — as the Ming kana from the "-".-negative number of 
effective charge above-mentioned (** 1) formula If a trivalent metal ion like Y replaces two tetravalent 
Zr ion, one oxygen ion hole will be generated, and if a divalent metal ion like calcium replaces one Zr 
ion, one oxygen ion hole will be generated. If electric field are impressed, this oxygen ion hole will be 
served like a positive movable ion, and will move in the direction of electric field. 
[0019] Drawing 6 (a) - (c) is drawing on which the cubic CSZ stabilized-zirconia single crystal was 
drawn in two-dimensional ** type view. In this, "**" expresses the oxygen ion hole. If right electric- 
field^ is now impressed toward a top from under space, it sees from an oxygen ion hole and the 
maximum contiguity oxygen ion of the electric-field lower part can move towards a hole. If it actually 
moves, as shown in (b), an oxygen ion hole will move to the position of the oxygen ion which existed 
origin. Toward the hole from which it moved to the new position, the maximum contiguity oxygen ion 
which exists poor moves again, as shown in (c). Thus, an oxygen ion hole moves in the direction of 
electric field. When there are electric field, the oxygen ion by which it was electrified moves to electric 
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field and an opposite direction through a hole, and the hole by which it was electrified drifts toward the 
direction of electric field relatively. This is an ion drift. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section cross section showing the gestalt (example 1) of operation of the 1st 
of the composite-construction object of this invention. 

[Drawing 2] The important section cross section showing the gestalt (example 2) of operation of the 2nd 
of the composite-construction object of this invention. 

[Drawing 3] The block diagram of the chemical vapor-growth equipment used with the gestalt (example 
6) of implementation of the 4th of the manufacture method of this invention. 

[Drawing 4] The chart showing comparison with each example of this invention, and the conventional 
example. 

[Drawing 5] Drawing showing the experimental result explaining the ion drift phenomenon of the 
stabilized zirconia / single-crystal-silicon composite-construction object by the conventional technology. 

[Drawing 6] Drawing for explaining the mechanism of an ion drift. 
[Description of Notations] 

1 — Single crystal Si substrate. 

2 — Single crystal stabilized-zirconia thin film containing the oxygen ion disappearance agent which 
consists of an oxide of the stabilizing agent and pentavalent metal which consist of an oxide of trivalent 
metal 

T — Single crystal stabilized-zirconia thin film containing the oxygen ion disappearance agent which 
consists of an oxide of a stabilizing agent and 6 ****** which consists of an oxide of divalent metal 
10 — Reactor 1 1 — Single crystal Si substrate 
12 ~ Susceptor 13 — Shower head 

14 — Exhaust port 15, 16, 17 — Raw material evaporation container 
18-21 - Supply bulb 22 — Exhaust air main valve 
23 — Evacuation equipment 24 — Pressure controller 



[Translation done.] 
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DRAWINGS 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 51 
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[Drawing 61 
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